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Test Description

A THIJ has been pre-damaged dne to oo motation, during assembly (ste repart STO2T207). This bearing was then put on a
THI 125t rig and run vnder "Receway Qualificalion Test™ conditions.

These test comditions are chosen such, that heawy but realistic comer Jeada, which may ecour under nonnal operation, are
simulated. The dominent loading condition (85% of the te=t hme) simulstes + 0.25 g cormering kead. Road recordings
{"Sarvice Condition Recordings...", NLAT033, G.-I. Scheers) are proposing that this condition occura with 4 percentepe of
lean than 0.39% undar Linahaul zarvice, It ia arsutned that during city delivery, a similar comering condition ia present for
lege than 2% of tha tial sarvice life of a vehicle,

Hased on this information it is & safe pssumption that every hour of test tirpe, the test tig opemiee at 500 mpm, simulates
aprroximately 2650 miles of operation under city delivery conditian, whils it rapresents moce than 8000 miles under
linchanl conditions.

‘Teat Reaulta
The reported bearing was opemting for 395 hours wheh a vibmaton level, which was twice a5 high an the bass level of the

aheady damaged bearing was meagursd. These 395 hours wounld be already equivaleat to spproximately 1,000,000 miles of
city delivery condition. Upon inspection small demages oo the inbosrd onter ring racewnys were datzcted (zes piciums 13,

letere 1: cincainiareatiel opention tracol snd scoricha on rm, predemaged THU outer Ting racwway

During 8 Derign Verification Test, these scratches would have been evalusted ai bearing damage, and the test woukd bave
been terminated,

Since tha target of this teet wan to demonastrate the feagibility of 4 50,000 miles ispection interval, it has been decided to
cmtinus the teat innead of investigaring the obhserved damage in detait,

Upen restarting of the teat, the bearing waa ovetloaded by mistake. The overload was nuch that a axial load equivalent to

approximatcly 1 g was acting cn the TH1), The bearing was immediately heavily damaged on the meewayy tnd immey ring
guiding flanges {see picture 2). Néverthaless the tent was continyed with this, now excemively, dumaged bearing.
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. Picture 2: THU cona after cverioad

The beaving it operating since then for 32,5 hours under the earlier described test condition. The test time would tranatate
inta apyroximately 36,000 miks of fleld cperation nnder city delivery conditicns.

Charing the test, inbpard and ontboard inner ring termpemurss were recoeded (ace table 1), Afler tam terminaton, the axial
endplxy of the Truck Hub Unit wag determined to be 0.315 mm.

Teat Time [b] | Laboard ianer ring tep. 1°C) | Outtzoerd Laner ring tewp. [°C]
5 130 ot recorded
115 150 130
1B.7 165 133
25 160 14D
284 160 140
32.5 150 150

Table 1: lnner ning teinperatirsa
Conclusion

Prom the above rernlt it ia coocluded, that & demage caused by v wrong assembly method {i2. no rotation dering clahmying)
will not immediately nffect the bearing performamee. [t i5, however, o be expected that soch damage will reduce the
potential service life of a Truck Hub Linit. :

The heavy bearing dumags causad by mistake would have been noticed during s "Basic Inspection” of the wheel end. The
whesel would have been considerad ag ratating rouph and neisy. Contiouing the test for inother 32.5 hours (equivelent bo
£56,000 miles under city delivery condition} shows that the chosen 50,000 miles interval batwreen two "Hasic Inspections” is
sufficient to Jetect basring damages peior to a safety eritical condidon of the wheel end.
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1. Objective

To demonstrate the performance of a THU with water ingress under Raceway Qualification Test Conditions.

2, Test Bearings

Test Bearing:  BTF0085 mamufactured by Aiken UsA
Custatir: ArvinMeritor

Application: 13200 Ibe Front Stesr Axle

3.  TestRig

The test was parformed on SKF Trock Hub Unit test rig THU4 in Schoveinfurt, Ocronany. A principle sketch of the teat vig
is shown below.

Picture 1; Principle shetch of the THU test g

3 B)
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Two bearing units are ronning wt the same tim. Radial and laterel load are epplicd with bydrelic cytinders as under mad
Tumning conditions

Radial load is applied independenily to each unit, latsral load is applied via a single rod to both onils st the same time. The
lateral Jond, applicd at » Joading radius squivalent to the tire cadivs, creates a moment lond in the unit.

The spindies are equipped with thermocouples to measyre the bearing temparature. Alsc the rig supporet hearing lemperature
and vibration level for alert sbop are measured.
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Rotational speed amd loads are alecironically controtled and monisored
A piciure of the THU test rig is shown below in pictre 2.

Pictore 2: Trock Hhab Unit test rig

d, Test Description

Thia test in designad tn evaluse the racowny fatigne lifs of the tested THU unider sevore but realintic conditions. The
mnﬁﬁnuhwhmuhnmhmhmhmnﬂhmh;nmﬂnﬁnﬁih&mﬂu.ﬁﬂduﬂmﬁm the L

1 life of the test THU since not enough bearings we tested for such sn cvaleation.

5. Tesi conditlons

5.1 Test Target
Two ooits will be texted until feiture or max 2*L, g In this case Lyp= 208 hours. Ly j is calculated weing SKF computer
program BEACON azsuming the kad cycle below.

5.2 Load Conditians

SKF 001808
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Time Acceleration Frad Flat
[see.] (2 {kN). (XN
102 0.25 40.4 t0.1
3 0 294 0
12 (125 18.5 1.6
3 0 294 4]
5.3 Assembly Condidony
Load line from vehicle inside (LLE): 421 5mm
Wheel racios: 533mm
Clamp forcs of the inner rings: S0 kN
Speed: 500 min-
Coaling: air cooling aquivalent 100km/h
Teampersturs measuring poduts: measuted o the spindles under the acewnys with  thermocoupies
5.4 Remarks

Both bearings were hibricatad with §1 grams of grease in which 1.5% of water (0.9 gmm} were dispersed. One bearing wns
edquipped with sn R-5AFE type seal, the other with a garter soal, Aftor 37.5 howrs of operstion, the rig was stoppedand a
grouge sampls wal mkem from the bearing with the R-SAFE redl. The amoumt of water in the grease dmppndtnﬂ.l'}%.l:

water it avaparating during operation.
The sivging smcunt of grease was substitotad and 5 grams of water 'wers injected to the inhoard inner ring retuining flange.
The carlier meationad test cycle wax nm for 14 hours cantivaoualy, fellowad by a standatill period of 184 hours.

6. Test Resulta

After the addition of the aforementionsd 5 grame of water, the tast bearing completnd 14 bours of operation snd the
following standstill period. Upot regtart of the: operation, it wes noticed that the bearing tetnperators increated seeadily,
indicating a bearing damage (sce picmre 3),

SKF 001804
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SKF GanblT BTF-0065B (6to Front Wheel) bl

Run with § ml wurer af the innee side

S WiEEar

Tavmpar o 707

Pivture 3: Tamperaturs racording indicating bearing damage afier standstill period
The beering was num for sdditionsl 4.5 heaoa yntil it wes decided to terminate the test.
7. Bearlng conditions after the fext

After dispyeembly and cleaning of the baaring, the inboard iomer ring of the wmit showa several shallow spells (3ce picture
4). The appearance of the roller raceways is shiny. _
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Picturs 4: Spalled inbaard inner ring raceway {the arrow Indicates the senos of totation)

Grease sumples were taken from both unitx. It waz detlermined that the bearing with the garter seal showed only traces of
vwater. The nmommt of water in the spalled nnit wan reduced to approximately 1.5 prams only.

8. Concluslons

The demage of the spalled unic has the sane apprarance as dameges of bearingy retamed from the feld (ses STO2TI06).
‘This confirms that evon refatively small samonnts of waier, eoering & Truck Hub Unit will cause major demege i a vhort
tinoo. i

I coudd furthermore be demonatrsted thet water, which entered the bearing, eventually sveporates during operstion. This
can explein the presence of salt end other minerls in bearingy rotumed from the feld, without ohvicas water content in the
Tnhricamt.
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T'ext Dietexipilon

Additinnon] air leak teste ag deseribed in STOXT205 have been performed on an original ArvinMeritor wheel end assembly
using the O-ring, whick is in use in the series assembly sioce April 2000. For comparicon, the same test was perfonmed an 3
Eurapean trailer axle whee! end assembly (see picure 1} without additional sealing.

Test Reaults

Neither of the two wheat and assemiblies thowed any air leak along the spindle and knockls sids face.

Coneclusion

Thia test proves the effectiveness of the O-ring, which was introduced by ArvinMeritor to be nsserobled ooto the front

wheel spindle. It also proves that Furopean wheel ends do not exhibit the poteatisl lesk path nlong the keuckle side face and
- the spindle due to their different mamifctaring process (see picture 1),

SKF 001810
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SSF

BU Trucks Prodoct Design Translation of
"Untersuchungsbefimd Nr. 186/02"

Purpose of the Investigaiion
Bvaluation of bearing damoage, spalls on suthoard cuter ring mceways.

Reanits
1. Macroscopic Investigation
1.1 THU 9/82852

11,1 Outbeard Outer Ring Raceway

The raceway exhibits seversl non-unifenn distributed brinelting marks. From these merks, axially oriented soalts nre
originating (see picture 1} The marks show signa of "falae brinellng® and contact corrosion. The honed surface structurs is
atill vizible autside the axinl marks.

At both endz of the overrolied aren of the receway fine corrasion pittitgs are datectable. Most pittings are at the large
racewny diameter, they are distribeted equally around the cinoumfamnsce.

The large racewwry dinroeter of the raceway exhibits plastic deformetion in circemferential dicrection. This appeacs ta be
caused by edge stresses in the roliing contact.

1.1.2 Inboard Quter Ring Raceway

The mcewsy exhibits no spalls. Ths honing etructure is g6l] visible. At both ends of the recewsy comosion pittings are
detactsble. There are legs pittiogs then on the onthoard side.

1.1.3 Area between the Raceways
No corrorion pittings are detectable hatween the racewsys.
1.1.4 Tuner Rings and Roliers

Cuthonard: Indentations due to ovesrolled metallic particles, sbraxive wear, 16 corrosion, honing struciore stifl visible,
[cboard: Abrasive wear, no corrosion, honing stewctues gtill visible.

1.2 THU 9/8284
1.2.1 Outboard Outer Ring Raceway

Severnl shallow spalls are found on the taceway. The honing strochure is still visible. Some arsas, which ame orientsd axiaily,
are completely mmoothed.

At both ends of the overrolled area of the racewny (ine comosion pittings arz detectable. Moat pitiings are foond at the large
mcewy dismeker.

The large mceway dismeter of the moeway sxhibits plastic deformation with pittings in circennferentinl direction. This
appears bo be caused by edge siresaes io the rolling contact.

1.2.2 Inboard Outer Ring Raceway

GKF 001812
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BU Trucks Product Design Tranzlation of
| Structure | AFIT2... 4 1 AF(T 2. dUnfersuchiunggbefund Nr. 186/02"
Conclusion

Both Truck Huh Units exhibit spalls at the outbaard suter ring racewsy. Brinelling marks and emoothings, caused hy *false
brinelling” aye the starting points of these spalls. The brinelling marks are prrtially aceompanied by corrosion. The formation
of brinelting marks is obviously mpported by the water content of the lebricant.

In the arsn of the &1 of the contact zaaoe at the large diatneter of bath cuter ring raceways of the Treck Hub Ukits, corrosion
pittings are equally distributed aronnd the circumfersnce. This indicates & cormosive raction during opermtion. The intansity
of corrosion pitdnga is highest at the large raceway dismeter of the outboard raceway end is reduced towards the inhoard side.
Water enters obviously the bearing from fts outhoard side.

Tha edge londing of the moeways is a secondary damage mode.

SKF 001814



E[@_I_FI Untersuchungsbsfund Datum: 2002-07-11

WerlateMachadk Nr. 186/02 Salte 1von &
Angefordert von: Hearmm A MHHIer, ATT-PK P Nr.: 14802
Talle: 2THU Warkatofl: OR:SAE 1055 M
Type: BTF-D052 '
Bozslchnung der Lagar; B/B262 wirmebohandiung:
9/8284 "Ryder, Big springs, TX, R.8." OR-Lautaivn: indulciv gehsrtat
Rollan; sinsalzgshirtet
Zwachk d Untarauchingan:

Schadensfalluntersuchung. Schalungen auf den flanschssitigen OR-Lautbabnan,
Ergebnisze:

1. Makroskopische Beurbeilung

1.1 THU 8/8282

1.7.1 OR-Laufbahy Banschsalilg
Auf der Laufbahn befinden sich mohrere Standriffe] in verschiedenan Abatéindan. Dis
Standriifel elnd Ausgang van In axlalsr Richiung ausgadahnten Schilungen (slehe Bild 1].
Dle Standrifiet zeigen Merkmala von “false brineliing” und Komosion im Stillstand. Dle
Herriefen sind aullerhaelb dor Standriffet noch gut erkennbar,
Zu baiden Laufspurendan hin erkennt men Im (bariaufanen Baralch unter der Stersclupe
feine Lochfralkorrosion. Diege ist Iin Gabiat am groflas Durchmessar am stirksiean. Mese
Kormoslon It Ober den Umfang glsichmaaig varteiit,
Am flanschseitigan Rand der Laufspur bafindet sich in Umfangsrichtung elne Sour
plastiachear Daformation. Sk achaint durch Kantenlauf ven Rollen arzeugt wordan zu ssin.

1.1.2 OR-Leufbahn nboard
Die Laufbahn 2elgt keine Schalungen. Die Honrleten sind out erhattan.
Untar dar Stereniups arkant man kn Geblet ru beiden Laufasurendan umnlasufands
Lochfralkomosion. Diese Ist deutiich schwéicher ale auf der flanachsattigen Leubahn.

1.1.3 Mittelschuiliar
Auf dar Mitteischulter bafinden sich Komoslonsnasben,

1.1.4 innepwinge vt Rollen
Outhordesisg: Matlisbrigbeindrickungan, kelna Komroslon, gbrestver Varschiall, Hondafan
noch gut alchihar.
Inboardeeitig: keine Kormoakon, abrestver Verschiel, Honrlefen noch gut sichtbar.

1.2 THUSBR

1.2.1 OR-Lautbahn
Auf der Laubahn bafinden elch eineine flache Schilungen. Dle Honrfalen sind sichtbar. Es
axistieren aher Gablete mit villiger Glattung, die Oberwlegand sxisd orentient sind.
Zu beidan Laufapurenden hin erkennt men unter dar Sterealupe feine Lochfralkomosion.
Sia Is1 am grolan Durchmessar atarker ausgaprigt.
Am flanscheettigen Rand der Laufspur hedindet sich In Umfangerdchiung elne Spur
plasilscher Deformation mil Pie. Sie stammi ofensichtlich vom Kantemteuf von Rollen,

varfasxE Koplen an:
STW 3/ N /WD ATT-PK, STW, STW3
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Untersuchungsbefund ,
@[@kF Nr. 186102 Daturn: 2002-07-11
it Seita 3 von 9

Im Geblet dor Laufspurdnder hoider OR-Lautbabnen der THUS ist Lochfraikorrosion
gheichméRig in Umfangsrichtung vertellt. Dies deutet suf Korrosion im Lauf. Dis Lochirabkorrosicn
waist am grolan Laufbahndurchmesserands flanschsekig die hichste Intensitit auf und nimmt
zum tnberd hin &b, Dle Wasserzufuhr kommi demnach vom Outboard,

Der Kentenlauf der Rollen flanschsaltig izt sin konkurmerender Ausfalimechanismus.

THU 9/2282 - OR Laufbahn flanschssitly

Bild 1

SKE 001817
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Nr. 186/02

[@F Untarsunhunﬂﬁhaf““d Dalsm: 2002-07-11
Wisrkiliachnlic

Solte 4 von &

THU 9/2252 - OR Laufbahn flanschasitig

Umlaufsrichtung

Blld 2: auf Laufbahn

Blki 3: Datail von Blid 2
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5 E@IF Untersuchungsbefund Dabum: 2002-07-11

Nr. 186402
Werkoda s i Seita 5 von 9

THU 5/8282 - OR Laufbahn flanachssitig

BI& 4: Blidung einer Schliung

Bid 5: Detal von BRd 4
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Untarsuchungshefund

Nr. 186102 Detumn: 2002-57-11

Sain & von B

Bild 7: Detall von Blld 5

THU H8282 - OR Laufbahn lanachseltig
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Untersuchungsbefund

Datum; 2002-07-11
Nr. 188/02

Saita 7T von &

THU 98284 - OR Laumehn Nanechsaitig

Bild 9: Datdl von Bid 7
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Untersuchungsbefund

" Nr. 18802 Datum: 2002-07-11

Belt=Avon B

Bild 10: Detail von Bild 7

THL) 9/3284 - OR Laufbahn flanechsaltig
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Nr. 186/02

[@F Untersuchungsbefund

Dabom: 20025711
Seitm 3 van B

THU 9/8284 - OR Laufbahn flanacheeltig

Biid 11: Staubverteliung

Bik 12: Detail von Bild 11
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SSFE

BU Trocks Product Design Translation of
. "Untersuchungsbefund Nr. 186/02"
Purpose of the Inveatigntion

Evaluatiom of bearing damepe, spalls o cutboard outer ring raceways.
Results

1. Macroscopic Investigation

1.1 THU 9/8282

1.1.1 Outhoard Outer Ring Raceway

The mceway exhibits sevesal non-umiform distributed brinelling marks. From these marks, axially criensted spalls ars
originating (sez pictmre 1). The marks show signs of "falss brinelling” and contact corrosion. The honed sirface structacs i
stll visible cutsile the axisl marks,

At both ends of the vverrolled area of the mcewny fine corragion pittinge are detectable. Moat pithngs are af the large
iaceway diameter, they are distribuizd equally aromund the ciscumference.

The large aceway divmeter of the raceway sxhibity playtic defermatim in circpmferentinl dirsction, This sppears to be
caused by odgr siresses in the rolling coviact.

1.1.2 Inboard Outer Ring Racewsy

The racewny exhibits no spails, The honing stracture is sill vigible. At both ends of the meeway coriogion pitlings s
detectabls. There are loas pittings than on the cutboerd 1ide.

1.1.3 Area between the Racewnys
Na cotmgion pitings are detectahles batwasn fhe memyays,
1.1.4 Taner Rings aud Rollers

Curtbeard: Indentations due to overmllad metllic particles, phrasive wear, no cocroging, honing stractur still visible.
Inboard: Abragive wenr, no comrosion, honing struchme gtill visible.

LI THU 9/8184

1.2.1 Ouiboard Outer Ring Raceway

Several shallow spalls aro foumd on the receway, The honing stnictwe in gtill visible. Some areas, which are oriented axially,
ame complotely smoothed. :

At both enda of the overmolled are of the raceway fine comasion pittings are detectable. Most pittings sre found at the Inge
mceway dinmeter,

The Jarge raceway dismeter of the morway exhibits plastic deformation with pittings in circomferentinl directicn. This
appenrs 1o be cauaed by edge stregses in the rolling con@et.

12.2 Inboard Onter Ring Raceway

SKF 001825
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BU Truocks Product Design Translation of
| Structure | AFIT 2 ... 4 [AFIT 2 ... IUntersuchunggbefund Nr. 186/ 02"
Conclusion

Both Trock Hul: Units exhlbit spalla st the owthoard outer ring receway. Brinelling marks and smoothings, cansed hy "false
brinelling" are the sisrting points of these spalls. The brinzlling marks are partially sccompaniad by corrosion. The formution
of brinelling merks is obviously supported by the water content of the lubricant.

In the area of the end of the contect oo at the large diswacer of both outer ring receways of the Trock Hub Units, coryesion
pittings are equally distributed argund the circumference. This indicates & carcosive reaction during operetion. The intensity
of corrosion pittingy is highest at the large mceway dizmeter of the outboard rgewsy and is reducad towands the inhoard side,
Water eniers ohvicusly the boaring from its outboard side.

The edge loading of the mcéways is a secondary damage mode.
Picture Captions:

Tictre | -~ Brimnelling om Raceway {Cotiment at side is direction of rotation)
Picture 2 — Clase up of picturs 1

Plcture 3 — Further closa up of pictore 2

Picture 4 - Inftiation of Spall

Picture 5 — closs up of Pichure 4 (shorwving imtercrystaling fiwcturs, not sub-aurface)
PFicture § - Corosion Pitting

Ficture T - Close up of Picture 6 {nate that German version is in smwor stating this ie close up of pichore 5)
Ficture § — Small Etch on Exceway

Pictre ¥ — Close up of Pictore 8

Pichee 10 - Furthey Cloes up of Pictire 2

Pictorn 11 — Distribmtion of Crver-rolied Dust

Pictare 12 — Closs up of Pictare 1]
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Response
to Main BRtimneng

Achim mmimscwﬁ

07126 D247 A.M‘ '

Aubject: Statlc Water $plash Tast

Reeponse to:  [[] Inspection and Tesi Reports

7. | Category:
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Trucks Business Unit - Product Design Report

5[@5 Report. No.: ST 02 T 212Updated: Mar 11, 2003Total Pages: 9 Page# 1

STATIC WATER SPLASH TEST ON ARVINMERITOR K
NUCKLE

SKF GmbH
Gummar-"Wester-Ser. 11
D57419 Sehweinfnt, Qermany
Tel: +48 (3721} 360

Ohne umiere Genehrmdpung diof dieser Bericht wedar vervialflEpt, noch dritten Parzenm oder Koskurmenfirmen
mitgessilt werden {11 des Gesetzes vom 2.8ept=mber 13464),
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Trucks Business Unit - Product Design

EI E@E Report. No.: ST 02 T 212Updsated: Mar 11, 2003Total Pages: 9

Report

Page# 1

Content Purpose ' page 3
Test Description page 3
Test Results page 3
Conclusion page 7
Tabellen und Bilder

Key words: Truck Hub Unit, Water Splash Test, ArvinMeritor, Knuckle
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Trucks Business Unit - Product Design Report

%[@E Report. No.: ST 02 T 212Updated: Mar 11, 2003 Total Pages: & Page # 2

Purpose of the Test

The purpose af this static test wae to prove if water may enter the joint betwean a Trock Hub Linit's inner ring and the
kauckle side fuce of ArvinMeritor's ficot steer axle.

Test Deseripion

A Truck Fub Unit BTF- 065 was assembled omto a new knuckle of ant Arvindeciter front steer axle. A torque of 800 Nm
(559G fi-hs) was applied to the inner Wck mit. The specifled mintonam clamp torque is 630 N (680 Nm). The cuter lock out
was clamped o specification.

The knuckle s than isstalled horizcotally to a rig. To achisve somme tempecature variation, the Track Hab Unit was set into
totaticn by means of a driving beit Simpls tab water was than sprayed onto the joiot betwesn kmockle and inner ring side

face (tee pictare 1).

Picture 1: Static Water Spiach Test set up

The romtional spesd of the upit wes set to be 300 qan during “dry” periods, while it was 300 rpm during time periods with
water splash. The duration of ench time peciod was =t to be 30 nnutes.

Tesl Resaliz SKF 001831



Trucks Business Unit - Product Design Report

EE@E Report. No.: ST 02 T 212Updated: Mar 11, 2003 Total Pages: & Page it 3

Two different assemblies were tesied: one with an O-rfng in the joint, a second without this seal. The first test waa un for
16 "water spiash eycles®, the secand for 13, Temperatur:t at the onter ring (iabeard side} were determined to be aroond
23°C during water splash, and around 60°C without.

The following plctorial depices the appearance of the knuckle side face after each test and the bearing aide face and bore
afier the test without the C-ring,

Ficture 2: Appearance of the knackle side face (top) after weter aplash tewt with O-ring. Water intrualom alotrg the milliog
tracen in vinible.
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Trucks Business Uit - Product Design Report

IEIEE Report. No.: ST 02 T 212Updated: Mar 11, 2003Total Pages: 9 Page # 4

Pictore 3: Apnearancy of the kmckle sides face (bottom) after water splash test with Ouring, ‘Wter i collected in the cavity
between spindle, O-ring and hearing zide face.
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Trucks Business (Tnit - Product Design Report

5[@8 Report. Mo.: 8T 02 T 212Updated: Mar 11, 2003 Total Pages: 9 Page# 5

R, G
e, 2 s = 1=

4: Appeutance of kinckle side face (tog) after water splash teat withont O-ring, Cormoalon marks are now vislhle oo
the apindle
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Trucks Brainess Unit - Product Design Report

5[@8 Report. No.: ST 02 T 212Ubdated: Mar 11, 2003 Total Pages: 9 Page# 6

Pictare 5: Appearance of lomckle aids face (battom) afier watcr splash test without O-ring. Virtaally atl milling marks are
indicating water intrasien.
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Trucks Buginess Unit - Product Design Report

5[@5 Report. No.: 8T 02 T 212Updated: Mar L 1, 2003 Total Pages: 9 Page ¥ 7

-

Picture & Bearing alde face (hotton) efier water spladh test without O-ring. The ¢ chwmfer sxhilsits eorrogion
i
" SIKF 001838




Trucks Business Unit - Product Design

E%E Report. No.: ST 02 T 212Updated: Mar 11, 2003 Total Pages: 9

Report

Page # 8

Picture 7: Bearing bare nfter waker splash test without O-ring. Cotroslon saine are distributed eronnd the complets
circnmierehee,

Concinsion

Thia teat proves the potential water leak path hetwsan the kemckls and inver ring side Faces and along the stub axls. It in to
be: pormmed that che risk of water imtrasion is increasing, when dynamic oading conditions like comering and/or bralking are
applied.

The ixat alao proves the performence of & scaled {C-ring) joint.
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Whator SEplash Test on Europsan Whael Assembly

El Inspaction 3« Teat Reporis
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BU Trucks Product Design Static water Splash Test on SAF
Purpose of the Test Axle

Thcpmpnunfthlsmtmmmpmvelhntmlermnmmthuumtb-etwma'I'ru:kHubUmfsmnu'rmgandthe
axle side face of SAFs {Sauer Achseniibrik) awiler axle.

Tesi Description

A Truck HuY Unit BTF-0056 was aanembled onso a new wheel end apindle of an SAF uniler axle, The bearing was clemped
with 80 kN.

The kouckle is then nstalled hrizontally to a rig. To achieve some temperatars variation, tise Truck Hub Uit i set into
roiation by meane of a dtiving bele, Siimple ab water is thas sprayed onto the joint betwesn pxle and inner ting gide face (cee
pictare 13

Picture 1: Waier Splah an joint betwean Trock Yub Unit (tep) mdu}

The rotational spred was sct ta be 800 rpm during “dry” perinds, while It was 300 rpii during time pexiods with water splash.
The durstion of each time period was set o be 30 minntss.

Text Resulis

Ouly ooe assembbly withont Owring in the joint was tested for 13 “water aplash cycles”. Tha temperature varistion wes
berween 30°C and 65°C.

Upon dissasembly, no corrasicn wiy fonnd in the joint b&wm’l‘HUanduie[m pictures 2 o 4),

BKF 001830
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EU Tmcks Produet Design Static water Splash Test on SAF
R . , . 1 'I'r b .

Axle

. Pictme 2: Top view on axde side face and trengition to apindle

BKF 001840
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BU Trucks Product Design Static water Splash Test on SAF
Picture 3; Side view oo mde side face and tansition 10 spindie Axte

Picture 3: Bearing sxde face. The crecoent shaped reddiah corosion tmee indicates the onter dametsr of the axle side face
Conelwdwn

This test proves that water doc Dot casily ender the joint between axls and bearing side face (if at all). Water, which i
splanhed onto said joint, will flow along the outer diameter of the contact zone between inner ring and axle and sventoslly
doip off,




Dlscussmn ' Sublogt: Luttar from ARM ta Rydar
: mﬁﬁb . . r
TE Cuh '
Berd Siepha gory

n:rm 0248 AN 517

5‘?‘:' LT

This Is the letter that ARM submitied 1o Ryder today.

&x you can ses, insisad of ideatifying a rifle shwit. They mentiopad thet they ara going to focus cn a
detection daviga. They formatted the letter this way bacause it very quickly became obvious thal a few
pars could um inie many parts.

Notice that timing le aggressive for the vibration detaction.

Forwarded by Robert J Bondy/DET/SKF on 084282002 10:48 AM
Thomes. Sanko@ArvinMedtor.com on 08522002 10:30:48 AM

To: raban.).bonchyEiakf com

(v

Subjact Rydar lettar
<<TSE1TO2REgponE . AOC >

Tom Banka

FProduct Manager-Drivelines & Front Axlen
248-435-1573

A48-435-1968 fax

thomap . pankogarvinmeritor. com

T581702Reaponss.doi
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ArvinMeritor. 2135W. Mapk Ro, arvimentoring.com

Troy, M| 48084

June 28, 2002

Mr. Jim Gakd

Ryder

Logletics & Transportaton
Solutions Worldwide
3600 NW B2 Avanua
Migmi, FL. 3318686823

Dear Mr. Cald:

During our meeting In Miam on June 14th, a team lad by Mr. Jermry Thiift requested a
propasal from Merior ragarding the FF2081 hubs In servica on appreximately 358,000
Ryder trucks. Tha concen was the number of hula failures being expensnced at
mileages lass than tha 750,000 mila wamanty and the inability of the curment inspection
mathods perfarmed at various Ryder locations o adaquataly dedact prograxsing bagring
deterioration during meguiarly scheduisd preventive maintanance.

We ware asked to review vehicle data subseauently provided by Ryder against our own
records of axla shipments and recommend a target population of frucks on which tha
hubs wauld be replaced at no expanse to Ryder. An e-mall from Mr. Gaonge Bowers
dated 8/13/02 deteled Ryder's expectetions for this progrem.

First lat me updete you on the cumant status of our nvestigation and other activities.

1. Cuwr Investigation of the data so far does notidentify a “rifle shot” populstion of tnucks
that we would propose Ryder remove from service. However, we are continuing to
revisw the data,

2. Wa recognlze that our teat procedure TP-D251 is sublect to technlcian skill.

3. We am developing an electronic disgnestic device to remave all cpanskor subjectvily.
Tha devica hes been uweed in the lab and on & vehicla 'n cur garage. This assesameant
provides conclualve rasulte enabing one to easily distinguleh a hwh in “good” condition
from one In a siate of some distress. The comparison wilt mada babwean & new hub
and one that resulted n dissgreemant amaong parsonnal during tha inspections
parformed in LaVergne, TH. Wa invits you to our faclity In Troy, M. for a demonstration
as early ae next week If your schadule permits. Alternativaly, wa can transport the
dewica with a technician to any Ryder location of your choice.

4,We plan to have the prototype maodsl developed into production units by the snd of
Saptamber 2002.

Upcn availability of production modals of the diagnosiic tool, quantities sufficient to
stock sach Ryder locatian will be pravided free of charge along with any necessary
inining.

From that polnt forwand, Inspactions would be parformsd with this tool In conjunction
with TP-0251.

SKF D01843
T561 702 saponss. doc




We balleve this lo ho s resdonable and equit2ble approach to the currant problem and
look forward o your concurrence to begin a8 socn as poasible. If we can detarming a
“Yarget” pepulation on which ta focus our protatype inspection procass we can
accelarate the preventive meintanance at those locations.

Sincaraly,

T. M. Sanko

Praduct Manager

CWS Front Axie / Driveline
ArvinMeritor, Inc.

SKF 001844
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DISGUSSiOﬂ Subject Ryder Tennasas Istter
. ;:lhnnqr: i‘LB

#  Rober J Bondy
BBIDS/2002 05:27 PM

Tu Richard ¥ FratELGSKFESKE, Timothy [ GiHord/KOPISKFESKF
Elruhjm:l: Information: Hub Review 'n Tennessas

-~ Forwandad by Robert J BandyfQET/SKF on 08/05/2002 08:27 PWM—

B T JCN

o Ee

Roberi J
‘f’ Mﬂuﬂm

Tu. Bamd Stephen'SCHSKFEEKF, Amo Stubancauch/SCHEKF @ SKF

Su.hjunt Information: Hub Review In Tannsasee

Bomd:

I'va siready cophed Bruce, Bill and Mike _

Plasza maks sura to read ihe last pert of the Ryder Expectatione of ARM™ Plsase aak that your

group bring
= with them plana to adidress rapid replacament of our unitaed bubs.”

Regams,
tab

Forwarded by Robert J BandyDET/SKF on O3/042002 11:00 Al

& DaloBall) Arvinkeritor.com on DB02002 Od:B4: 39 PW

To: robert.} bondy akf.com
61
Subject FW: Hub Review n Tenncsseo

I Original Meamage-----

= From: Rosenthal, Robert

= Sent; Monday, June 03, 2002 3:13 BM
* To: SEanko, Thomasy Bell, Dale

= Ca: Meialy, Josaph

> Bubject: FW: Hub Review In Tennepgges

SKF DD1846



VY Y Y YOV YUY Y oY VY Y Y Y Y

L

VY Y YY WYY Y YWY YYY Y YPVYVYYYYYEYYYYY

For your informatlon.
We npesd to give them facts, on how long hubs will run after detection of a
apall.
Rogey

----- Original Maggage-----
From: Molendon, Bruco
Beht: Monday, June 03, 2002 1l:24 PM
To: Ropenthal, Roberts; Pan, J
Cres Hyatt, Jaffrey; Oomer, Damy
Subject: FW: Hul) Raview In Tennssoss
Read the following requeet from Bydsr  Bruce

----- criginal Message—----

From: John W, Murphydryder. com@MIITS

Benk: ' Friday, May 21, 2003 4115 PH

To: molendibafmer itorauto. com

Co: Jerry F. Thrifteryder.com; George Boweradryder.oom;
Harry F. Pydec@cyder. son; Patrick Partergryder.com

Bubjact: Huk Raviaw In Tenhagass

Bruce, I had the opportunity to ppeak wikh both Harry Ryder and Patrick
Porter this afterncon. From the informatlon provided to me I am convine=d
that our malntenance practices are correct and the issus at hand ie
product

gqualicy.

Ii appeara that the igaue at hand now is that a technician way or may oot
ba abla to feal the spalling bewrings during PM iospection. In additieon,
BEF and Arvin-Meritor do not know the mean time to fallure once spalling
be=gina.

The failuyre rate which Ryder in seeing is raieing at an alarming rate. I
know wa have 3 meeting sat up for the weask of Jone 10th. The purpose of

:titing is to make sura that Arvin-Mearitor understands the expectatien of
the upcoming oating.

turing our next meeting Rydsr i nor axpecting to hear more on the langth
and duration of teste that are currently underway. The time has come for
B

more proactive approach to this igsaue. Pleape ask that your group kring
wikh thaem plana to address rapid rsplacement of cur uaitzead hube.
Eegards,

John Murphy
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Discussion Subject: _ Report to ARM
Main-Fople . .
o Category: Informetion
Claes )
RehmbergiGHONGOT/BKF
05730 08:20-AM -
Upctated version as of 2002-05-31

B

THUZ report to ARMW 4.pp
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Main failure causes identified

» SKF
— CFW seal leakage
~ R-safe seal leakage
— Stud hardness

» ARM
— Water intrusion along the spindle

— Mounting without rotating
— Stud replacements

SKF 001849
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CFW seal
cause sheet

* Cause: IR Seal failure / not seating properly

»  Effect: Unacceptable higher indication on premature seal failure rate in
North America environment,

»  Parts
- Affects CFW parts made 1897 through April 2000
~ Replaced by improved R-safe from May 2000 onwards

*  Findings
— Grease used as lubricant. Less grease does not mean It can't parform
what it was intended to do.
— Grease fill {in cavity between lips) amount Jess in Aiken compared to
Luechow
» might lead to early failures dus to fess contamination resistance
—~  Luechow fill 1.5 g (remain 0,6 g after aggembly)
- Alkenfil 0,3 g
*  No spec's on grease il from Fraudanbarg
— Grease flll is used pimanly faor reducing seal lip wear
— Averagse seal life shorter in NA compared to Europe
« Operating differances 7
*  Maintenance diffarances 7
- CFW seal pumping action reduces effact over time
~ Abnormal avents 1899 (weak 17,18,19) ?
= In Aiken {production)
+  at ARM {design, mounting etc)
— Fallure rate <1% lead to change from CFW to R-Safe seal
~ =1 % water will break down tha greasa function

«  Conclusions

— Diiferent grease fifl
+  Study show no effect on seal wear
— Siatistics to support stabement
» waler immersion will reducs life if
— Statathes to support stetement
—  Question to ARM: How much water will normaily spray an tha bearing 7

—  Question o ARM: What's the extant of high pressure cleaning
*  Recommendations

— Retrofit pop-out bolt from Wabash SKF 001850
« To be checked by the driver min onca per day
=  Tobe used n combination with ABS signal warning

BF




R-safe seal
cause sheet

« Cause: IR Seal failure / not sealing properily

*  Effect: Unacceptable higher indication on premature seal failure rats in
North America environment.

. Parts

—  Affects R-Safe parts made after April 2000
»  Findings

—  Molding defects

» fitt not completed on one lip or both lps f de-flashing not complete
B claimed parts retumad from ARM

- 8 showed defects an both lipe

— Thoe oiher 2 was not saal related

»  Water infrusion only possible when both lips are defect
» Defects on the seal lip2 are run out under operation dua to wear

—~ have sgen on sampes that at least ona lip 1e repalred within 100.000
miles

Defect rate found is < 2%% of both lips

- note: The findings are fram inspection of the iast production lot.
Howaver the scrap rate was the same for the other producticn lots

Samples from tha other praductien ot will be chackad for verfiication,
\ack of warranty data update from ARM
= 100 % air test already implementad in Ekgin
+  Conclusigns
~  Water intrusion could happen if:
« Both lips defected
«  Water flocding at earty mileage {bafors lip repalr tealf)
— Rig test on pre-damagex! baaringe shows residual life in excgsa of
B0.000 miles.
* Recommendations
— Retrofit pop-out belt (as for CPW)
— Implement 3 extra inapections
= atf0, 100 and 160 thousand miles
- Compiete instrumental road test for verification
~  Sasl material change (high temperatura)

SKF 001851
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Stud hardness
cause sheet

»  Cause: Studs with hardness out of spec, incl high hardness variation
«  Effect: Fractures occurring at low mileages or during re-torque of wheel

nuts : '
- Parts '
—~  Affacts studs from supptier Ingersoll. Delivery startad Feb 2001
»  Findings

- Boita delivered cutsida SKF spec's S00+ HY 0,2,
«  BKF spac's In Vickars 0,3
+  NATC uses video monitoring equipment
v ingersoll measuras with manuel equipment
»  Correlation issues betwaen NATC and (ngersoll
- Affacis shipment ot #4, and possibly #3 & #5
— Pending proper 8D report from ingersall

— MascoTech bolts fram 1997 with >500,000 miles up to 456 HV 0,3
Conclusions

— ingerscil hava not a capable HT process
- Measurament principles different
»  BKF key spac on surface hardness
* Ingerscd maeasurement principle focus core
+  Ditficult translation between two meas, principles
=  Recommendations

— Temporary deviation to be issued ta Ingersoll for slight increass in
surface hardness

— Ravalidate Mascotech as supplier with new heat treat process

SKF 001852




Leave out for now

Unhardened IR raceway
cause sheet

Cause: Unhardened IR raceway
Effect: Barly spalling
Parts

-~ Affacts hearings during Q1 2000
Pindings

— 20 bearings with unhardened inner rings returned from field

Early spalling started

Conclusions

- Heat Treatment process not working propery for a short pericd of time
—  No further retums receivad after corractive actlons.
— Root caugs identified and fixed.

Recommendations
— Case cipsed

SKF 001853
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Water intrusion along the spindle
cause sheet

Cause; water ingress in the bearing
Effect: Unacceptable higher indication on premature seal faiture rate in
North America environment.
Parts
— Affect units before August 2001
Findings

— Traces of comosion proving that water intrudes along the spindie Into
tha bearing.

-~ Investigations an 30 returned units from the field, previously thought tc
ke seal falluras show in 21 cases actual fallures due to watsar intrusian
along the spindle.

- ARM introduced an O-ring August 2001
Concluslons
— Incldents ke this considerably less in Europsan emvirgnment
—  Possibly the spindle rkjidity not sufficiant
— ARM's introduction of Q—ing Improved the problam
Recommendafions
— Do FEA of assemblies of ARM and Europe for benchrmarking.
— Intraduce pap-out bolt from Wabash

SKF DC1854
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Mounting without rotating OR
cause sheet

Cause: Damage raceways during mounting
Effect: Insufficient life for 1 million miles
Parts

- Affects units from 1887 through June 2001
Findings

—  Nicks found on OR raceways during installation

—  Rotation jg pari of SKF mounting instructions
~ ARM introduced automatic rotation device in their assembly June 2001

Conclusions

- ARM introduction of automafic device was made to ensure proper
mounting. :

Recommencdations
-~ kntroduce pop-out bolt from Wabash

BKF 001855
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Improper replacement of Studs
cause sheet

Cause: Units damaged due to improper stud removal and insertion
Effect: [nsufficient life for 1 million miles
Parts

—  Potentially affects certain parcentage of unlts during life of the product
Findings

— Heavy marks on studs, suggesting they hava been inserted with

hammeyr / sledge hammar

Conclusions

— Potentially could introduce impact damages on the raceways
Recommendations

-~ More Investigations needed

— Usze SKF malntenance procedura on how to do this.

SKF 001868
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P-Chart - Al ARM Retums by Service Date
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Steer THU Warranty Return Percent of claims
(based on 530 ¢laims in SKF database as of 12/31/2001)

To be updated

Impact dﬂ.mge (reage
8% 11%
Root cause not detenmiti
14%
Seal leak
16%
Tampering f
2%
OR not hardenzad
4%
Brg failure run w/o Hub cap
3%
No proble ; ater intrusion along spindle
Removal damage
6%
Fis ]
SKF 001858
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Res ponse Subject
ta Mailn Dacument

Roaponge to;
Robart J Bondy/ETAKF

06/31 09:05 AM Category:

Fratghtlinar Discusston may 31 prasencation

L1 Report to ARM

Infarmation

=

FLINER disc.ppt
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* The Data

— Returned Material Review
i e 19%

30% ers o e
ANy s iawan

H Inconcualva

OUnhardenad Racoway
!

12% OCtamp Load
Bimpact
Binner Sapl

3% ENo Problem

8%
Miscellaneous:

+ 5.1% Removal damage (reason for removal not given; not
apparent

« 2.9% Water intrusion along spindle

» 2.2% hub cap lost

« 2% inner come

» 1.6% Tampering

- 1.4% Oil separation SKF 001660
- 1% Outhoard seal

« Balance: end play, cup spall, corrosion, assembly, quality
| 1' . SKF




Main failure causes identified

« SKF
- CFW ssal
— R-safe seal
~ Stud hardness
« ARM
— Mounting without rotating
~ Stud replacements

SKF 001881
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CEFW seal
cause sheet

. Cause: IR Sea! failre / not sealing property

*  Effect: Unacceptable higher indication an premature seal failure raie in
North America environment.

. Parts
-~  Affects CFWY parts made 1357 through April 2000
-~  Replkaced by Impraved R-safe from May 2000 onwards

" Findings

~  Greass used as fubricant. Less grease dnes not mean it can't perform what it wae
Intandad to do.

= Greasa fill {in cavity betwesen lips) amount e8s in Alken comparsd to Lugchow
' mightlead ta aarly failures dua to less contamination resiatance
= Luschow fill 1.5 g {remaln 0,8 § after sssemiily)
— Akenfk0,2g
»  No spec’s on greasa fill from Fraudenberg
—  {Greass flll 1s used primardly for raducing seal fip wear
~  Avarape geal life shorter in NA compared to Europe
» DOperating differences
*+  Maintenance differences
—  CFW seal pumping action raduces sffect over ima
—  Faiure rats <1% lead to change from CFW to R-Safe seal
— =1 % water will braak down 1he grasse funation
. Concinalons
= Diffecent grease fill
«  Study show nao affect on seal wear
- Statistics tn support s@tement
= water mmersion will reducs life if
~  Eintistica lo suppost siatement
~  Cuestion 1o ARM: How much water wil normaky spray an the bamring ?
—  Quegtion to ARM: What'a the sodant of high preasurs ¢laaning
*  Recommendations
~  Eviluats Retoft pop~out bol fram Wabash {Plan tming TBD By 03 June 02)
*  Tobe chacked by the driver min ones per day
« . To ba used in combination with ABS signes waming
- R-Save Seal Axlal VS Dirt Lip Desnign
- Greasa Change GW2Z

SKF 001862
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R-safe seal
cause sheet

»  Cause: IR Seal failure / not sealing properly

»  Effect: Unacceptable higher indication on premature seal failure rate in
North America environment.
=  Paris
— Affacts R-Safe parts made after July 2000
» Findings
—  Molding defects (April 5, 2002)
» i\l not compiated on gne lip or both kps f de-flashing not complete
* 10 clairned parts returned from ARM
- & showed defetts on both lips
- Theather 4 ware not seal ralated
— Water intrusion only possible when both Hpa are defect

« Dafects on the saal lips are run out under aparation due 1¢ wear

- hava saen on aamples thet et least cne lp |s repalred within 100.000
milge

» Defect rate found is < 2% of beth lips

— note: The findings are from inspescilon of tha Saet production ToL
However the scrap rate was the same for the ofher production kots

Samplas from the ather procuction lots will be checked for verificetion.
» 100 % air test already Implemented in ERgin '
»  Conclusions
—  Water Intruslon could happen If:
* Both fips defected
«  Water flooding at early milsege (befors lip repair [tself)

—~ Rig test on pre-damaged hearings shows reeidual [ifa in excess of
80.000 mikes. '

*»  Recommendations
— Evaluate the Retrofit of pop-out bott { Man Timing TBD by 03Juned2 )
— Implemant 3 extra inspections
« at 50, 100 ang 150 thousand miles
— Complate instumental road test for verification
- Lontinucus iImprovement with R-Safe +
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Stud hardness
cause sheet

»  Cause: Studs with hardness out of spec, incl high hardness variation
»  Effect: Fractures occurting at low miieages or during re-torque of wheel

nuts : '
»  Parts '
-~ Affects studs from supplier Ingersoli. Delivery started Fab 2001
» Findings

— Bolts delivered outside SKF
— SKF gper's in Vickers 0,3
+«  MATC uses video mohiloring equipment
«  Ingersoll measures with manual equipment
»  Comrelation issues batween NATC and Ingarsoli
-~ Affects shipment lot #4, and possibly #3 & #5 Verification by 14June02
-~ Pending proper 8D raport from Ingersoll Due 03 Juna 02
-~ MascoTech balts from 1997 with =500,000 milas up to 456 HV 0,3
«  Conclusions
— Ingersall have not a capable HT process
— Measurement principles different
« SKF kay spac on surface hardness
»  Ingersoll measurement principle focus core

« Diffleult ranslation betwean two maeas. principles
»  Recommendations

- Temporary deviation to be issued to Ingersoll for slight Increase In
surface hardnees

— Revalidata Mascotech as supplier with new heat treat process
~— Long Temn Effect Evaluation Study {Timing by 03 June 02}

SKF 001885
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Unhardened IR raceway
cause sheet

Cause: Unhardened [R raceway
Effect: Early apalling
Parts
—  Affacts bearings during Q1 1949 through Q2 2000
Findings

- 20 bearings wers retumed and evaluated with unhardened inner tings
retumed from field :

+  Early spaling started
Conclusions
~  Heat Treatment process not working properdy for a short pericd of time
—  No further retums recsived after cormmective actions.
— Root cause identified and fixed.
Reconunendations
- {asa chsed
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Mounting without rotating OR
cause sheet

+  Cause: Damage raceways during mounting
»  Effect: Insufficient life for 1 million miles

+ Parts
-~ Affects units from 1997 through April 2001
+  Findings

— Nicks found on OR raceways during installation
-~ Rotation is part of SKF mounting instructlons
— ARM introducad Cantrollad rotation April 2004

. Conclusions

—  ARM infroduction of autormatic device was made to ensure propar
mounting.

* Recommendations

— Evaluate Detectability Device
— Ciosed issue for current preduct

SKF 001887
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 The Data

— Returned Material Review
: e | 18%

| EIMiac
H nconclusive
OUnhardened Raceway

12% | oClemp Load

Wimpact f
EInnar Seal |
3% BHNo Poblam I[
ltem Description Corrective Action
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Dlsc ussion | Subjact: 5000 miles inepaction ntervall rig test,- piciures aftwr completion
Main Topia . .

Catsgory:

Berrd Stephan'SCHSKF
125130 0458 AM

KIF_052%.JPG KIF_0523.JPG KIF_0524.JPG KIF_0525.JPG KIF_0526.JFG KIF_0522.JFG
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Maln Toplc . .
Category:
Bemnd Staphan/SCHISKF
0520 04:58 Al
e Ll T L, e T
KIF_0533 JPG KIF_0518.JP43 WIF_0&30.JPG KIF_0531.JP3 KIF_D532.JPG KIF_0515.1PG
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Discussion | Bubject; Maln route cause "Water Ingresa slong the spindie”™ and Fnfluencing
Maln Topic - . parameisrs

Bamnd Stephan/8CHAKF | Category: '
O5/30 04:56 AM

Fretaen, L"l

-

KIF_0543.JPG
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Discussion | s plctures from fiald retured parts inspectad at Schwainfurt
Matn Topk; )

Bemd Staphan/SCHEKF
0530 0%:4a AM

Categary:

ARM THU2 without Q-Ring but with R-Safe sxal 108318 mlles routs causa "water Ingress along apindle”

Wl B & W W

KIF_0522.JPG KIF_0523.JPG KIF_0524.JPG KIF_0525.JPG KIF_0526.4PG KIF_0529.JPG
ARM THUZ with O- RIng and R- safe saal 91572 mllu route cause " waler Ingross through sead dus ko

i i & W O &

KIF_D47B.JPG I{IF [14?9 JPG KIF_0480.JPG MF@ JPG KIF_0514.0P3 KIF_0484 JPG KIF_MEBS.JPG

KIE_0500.4PG KlF"cTé’iu.;Pe KIF_0511.JPG KIF D483.50 KIF 0482.0PG
ARNITHUZ #0 with CFIN 3

B R & B O B

KIF_0508.JPG KIF_0487.JPG KIF_{MBB.JFG KIF_0480.PG KIF_CAR)LJPGE KIF_0491.JRG KIF D482 PG

CHC T

KIF_ 04930 KIF (d84.0PG KIF_D496.JPG KIF_0488. PG KIF_(487 JPG KIF_0SC5.JPG KIF_0S06.JPG

KIF._0S07.JP( KIF_0486.0PG
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DiSCUESiO“ ) Subjucr: Englneesing Statsment on THU Parformance
HIII?:M-‘.::“_ ' . .
L r .

Aghim Muslis/SCHSIE
OB/28 10:238.AM. .

o PP )

A

Attached document conains & statermant of SKF BU Trucka Product Engineering abaut the putaniiﬁl parformanca of
an SKF front wheal Trock Hub Unit {THL)

W

SKF Eng. Staemanido

GKE 001918



S

18.05.2002

Engineerinpg Statement about the design of the
THU2-FF for ARM steer application

The bearing design, as it ia today, is ensble to operate maintenance free for [ Mio miles under long
haul comditions 28 long as all companents are manufactured according the axisting engineering
specifications and according the manufacturing practice which is established at SKF Lachow plent.

Thia is valid alsa for the seals, grease, grease distribution and the assembly process of the entire
unit.

These sintements are baged ou SKF's

Beacon-Celculation

X-Ray-Diffraction-Analysis of ARM units (after 560.000 miles in service}
Raceway qualification testing on rigs

Inspection of seal retuens from field in US and Europe

" F T ¥

onder the fotlowing preconditions:
- No handling damage during transport from SKF to ARM aseammbly plant Transport of axles
froan ARM to truck assembly plant.

~ Correct installation on the wheel end spindle and correct application of the clanp load with
rotating HUB during tightening of the central wheel nut

- Correctly machined abutment parts.

- Inatalladion of a sufficlent static seal against water ingress along the gpindle.
- Correttly sacured central nut against loozening.

- No disassembly during operation or service.

- Replacement of studs has to follow strietly the procedure described in ARM’s Bulletin. Using
any other replacemant wmethod s strictly forbidden.

Cogeerning product improvements.
we sae 30ne potontial;

1. Adding a third lip to the R-Safe and filling the frea space with a water resistant grease like
SKF:LGHB2Z.
2. To select a more wear resistant rabber materinl than our present FKM-formulation.

3. Further development of the grease for even longer service life,

SKF 01920



DISCUSSION | syuse Prasgntation t CEO May 28th
Main Toplo

Clana

Rehmburg/GHOGAOOTSKF
D528 10:18 AM

Catsgory: Information

The foliowing prasgntation was mads io SKF CEQ Sune Carlson, iz Thone Bertlsson and Lars Behn
by Clags Rehmbarg
Ao pragant was Torm Johrnstona and Gurila Misson

THUZ s=al lssua3.pn
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THU?2 issue w. ARM

Facts

= Customer Arvin Meritor

* 400.000 bearings in the market

« Mainly steer axle {0 some extent used also on trailers)

« SOP Luechow March 96

« SOP Aiken August 98

» Freudenberg seals used up till April 00 (340.000 units)

« RFT (R-safe) seals used from April 00 (61.000 units ytd)

« SKF notified March 14th on 15 wheel offs / fires since beginning of the year
« As of April 8th 18 wheel offs, incl. 3 trucks on fire

« ARM claiming 117 bearings as "severely advanced parts"

aE
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- All ARM Returns by Service Date

P-Chart
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THU?2 seal issue

Facts

+ Typical seal failure mode:

Seal wear —>deteriorated sealing function > contamination/ water ingress -->
greasing function destroyed —> metallic contact/spailing etc. --> noise/vibration.
- However:
In this case in NA it continued in a few cases with:
drastic heat/pressure increase-> melting/fire --> nut worn out > wheel-off.

. The Freudenberg seal used in RVI truck, without problems.

« Decision to treat the two seals as two cases:
— Freudenberg - high milage failures
— RFTR-safe seals - early failures

Sl

-k IR A e ¥ AW el S WWWW%WWWGETﬁt L AN b
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Steer THU Wamranty Return

3. Weoks 48 Mar 2002
520 Total Claime In SKF Datebaza (as of 12/31/2001)

Zomestive Actions Taken by SKF Percent of Claims
Jwitch to GW-Z Grease 10.4

3raase EQrese )
Swilch to R-Safe Inboard Saal
B Seal Laak — Contaminant Ingress 156

nduction Hardenlag Equipment & Procadural Changes
2R not hardenad 3a

Sotrective Actions takan by ArvinMarior

ncreased Hubeap Torque

3earing Fadure - Run wio Hub Cap 28

Fwitch to Molyiats D Anti-retting Compound/O-Ring Seal

Xemoval Damage 5T
Nates intrusion Along Spindle 18

Roiation of Hub Unit during Torgue
ow Ciamp Load 6.8

“leld Buliztin on Inepaction Techniques
\No problem Found 2756
Tampering 1.9

Totnl porcent Claims Addrecssd by Comractive Actions 605

Him Gyisgonies Not Directly Adgregyad Parcont of Claims

oot Causs Not Determined Total 14.0

Tedums oo advancad to desermine cause

Sustomer Abuss Total 7.5

mpact Damage 7.5
Total Parcant ¢laims pbove 81.0

L=~ o

AR, ALY el S R T L 7 P I T O AR PR i MR 0y, = T RSy (Rt i
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THU2 - ARM
Current status
« SKEF related
— Freudenberg seai (mfg 1997 to April 2000) 320000 units

« Seal shorter life in NA comp. to Europe

— Qperating differences

— Maintenance praclices
= All wheel-offs w. F. seals
+ Grease fill in cavity between lips - influence on functional performance ?

» Detection method
— Pop-out bolt

— RFTs R-safe (mfg from April 2000) 61000 units
» Incorrect moulding (2-3 %)
~ influence on life
« Implement 3x50,000 miles inspection
. Track test starting to verify these intervals

- Confirm inspection & detection method as sufficient or advice altematives
BKF

e et ACE R R TR LY DR I RIS R A LR DRI i e T
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THU2 - ARM

Current status

« SKF related cont.

— Unhardened Raceway (some 20 cases) spring 2000

= Problem was identified, process changed
.— some few units could remain in the field

- Studs. (Supplier Ingersoll}
» Hardness level (too high) and large hardness variation

* Root cause analysis pending from supplier (limited response is a major
concem)

» Supplier HT process capability ?
» Risk evaluation on studs in the field

— Overall
» Final decision to be made latest May 30th on action steps for SKF

ICTF
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THU2 - ARM

Current status

« ARM related

— Water ingress along spindie

. O-ring was implemented by ARM June 2001
— No information as to wether retrofit to be made

— Raceway damage due to lack of rotation during clamping
« Influence on life

— Stud replacement

« procedure at truck manufacturers
+ Damage while changing

L R e i R < T T L SR T T P R R TP TR Y LR T T e

=
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Discussion “Subject: Statisticat Evaluations
Main Topic : .
c ! Statist
Clsen meony: =
Rehmbarg/GHQMGOTISKE
0513 12:44 PM
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ROSponse |sue Hub data from ARM
to Maln Documemt .
Responss to: Stavetical Evaluatons
Rivk P Morrowl AMER/BKF D
0520 08:23 AM Crtegory: Statistics
ak

fradx hub nirsn 4_15_02.x
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FF33X Hub Yolumes

Nusnber of FF38X Hub Returns on Progressive
Incidents (Pl), Saal Relatad (SR) & Combined

[P Cowst MISR Count ICOMBINED COUNT |

#ufUnIhRatumnd
g 8
|
|
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| BPIPPM  WSRPPM  DICOMBINED PPN |

PPM Trend for FF88X Hubse

1

| 408.297 | 105074

1HM 2000

st enid 171 8345

e

i
I |
H i

2001 [Urkoown | Toll
a1.yora’ | 293 2090
123.4005; | 904, 7841 ¢
1851052 ! :

Average Miles FF88X Hub Refurns Falled on -

_ Progressive incidants (P1) & Combined

[WAvg I Mies BCOMBINED Avg Mias |
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Res PonNse {s.nwct: Annlyses of ARM endt SKF date
to Main Daaumenk .
Reaporss to: [T Statistical Evalustions
Rick P Mormow/AMERSKF .
05720 09:14 A Catagory: Siotisica

THU 2 Analysis Ouane Slpa, Rick Mamaw sho
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THU 2 Analysis Duane Gipe, Rick
Morrow

5/15/02

Valid Claims Only (Unless
Otherwise Stated) 772 invalid, valid,
‘nconclusive, open ARM claims
analyzed by Bruce Weeks, Dave
Zimmerman

T o Oy G54



Notes/Assumptions

* Only one root cause was listed per warranty
return. May have multiple causes and/or
interactions

» Missing data for some analysis was considerable

» Immature data is expected for years 2001 and
beyond thus reducing the service life mean
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Count of Root Cause

Root Cawuse

Total

NO PROBLEM FOUND

B SEAL LEAK - NGRESS
UNKNOWN

MPACT DAMAGE

LOW CLAMP LOAD
INSIGNIFICANT LEAK
REMOVAL DAMAGE
WATER INTRUSION ALONG SPINDLE
B SEAL LEAK - EGRESS
Ot SEPARATION
UNHARDENED RW

HUB CAP LOST

INNER RING SPALL

B SEAL DAMAGED

OPEN

TAMPERING

OB SEAL LEAK - EGRESS
ASSEMBLY DAMAGE

NOT RECENVED

OUTER RING SPALL
COCKED SEAL
DMENSIONAL ISSUE
ENDPLAY

INCONCLUSNE

NO INFORMATION
ATTACHING HARDWARE ISSUE
CORROSION

LOW GREASE WEIGHT
08 SEAL LEAK - INGRESS
(blark)

185

N
-.s-.h.-n.-L—tMMMMﬁ-h-hm"dg
i ok B s O O OO Qe e =~ O O

b mk ok ke B b B2 B be Ll D~

Grand Total

3
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Cound of Root Cause

Root Cause Total

B SEAL LEAK - NGRESS 38 3% T%
NO PROBLEM FOUND 22 20% 6%
MPACT DAMAGE 9 8% 4%
WATER NTRUSION ALONG SPINDLE 9 8% 4%
UNKNOWN a 7% 4%
LOW CLAMP LOAD 6 5% 4%
8 SEAL LEAK -EGRESS 3 3% 3%
OLL SEPARATION 3 3% 3%
HUB CAP LOST _ 2 2% 2%
B SEAL DAMAGED 2 2% 2%
OPEN _ 2 2% 2%
LNHARDENED RwW 2 2% 2%
INCONCLLUSNE 1 1% 1%
INNER RING SPALL 1 1% 1%
0B SEAL | EAK - NGRESS 1 1% 1%
REMOVAL DAMAGE 1 1% 1%
TAMPERING 1 1% 1%
Grand Total 111
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In Service M Miles by Root Cause

ByVard StDevt Sumd Minimumd4 Maximumd N4

COCKED SEAL 271&90 211127 543380 122401 420979 2
CORROSION - 52044 * 02044 92044 92044 1
DIMENSIONAL. ISSUE 142255 172005 284510 19983 264517 2
ENDPLAY 180414 30961 360827 158521 202306 2
B SEAL LEAK - EGRESS 324260 160600 7133726 11821 627378 22
I SEAL LEAK - INGRESS 340335 147001 47390033 21309 79480 139
INCONCLUSIVE 982591 * 982591 982591 962591 1
INNER RING SPALL | 235484, 143019, 2354837 79760 528922 10
LOW GREASE WEIGHT 2325;'__ 2325 2325 2325 1
na i * * * * 0
OB SEAL LEAK - EGRESS ' 213474 192456 1067369 18 503928 5
OB SEAL LEAK - INGRESS - 151668.* 151668 151668 151668 1
OIL SEPARATION 307662 136202 6460802 34007 558640 21
OUTER RING SPALL | 430888, 160820 1208665 275686  SO7114 3
UNHARDENED RW 80515 80569 1610300 6000 304315 20
UNKNOWN 479003 99140 1611028 53489 3840893 9
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All Valid Claims
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IB Seal Ingress Only  Four-way Probability Plot for Serv Life

__ . ML Estipates - Data
Weibull is better 3}2{}3;‘ Vaid IB - Ingress 'Ed'?t &%&m base &
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Patcant

Valid Unhardened Raceways only

Four-way Probability Plot for Serv Life
ML Estimtes - Complete Data
Wm Lognarmal base e
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Analysis
5/15/02

Analysis from 2,122 ARM
Returns and SKF Analyzed
771 claims
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140 data

ARM 2,

P-Chart - All ARM Retums by Service Date
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R-Safe data is immature. < 10
usnits analyzed
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Return Count by Month Places in
Service (Period of R-Safe)

Count of MOS [Mile Cell ]

MOS 2{]{]0{]; 50000 100000 150000 200000 250000 300000 350000 450000 550000 600000 650000 Grand Total
1 ' 2 4
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R—Safe Returns

IPart No,

{BTF-0065

Court of Root Cause

Root Cause vl

Mileage Cel

B SEAL LEAK - INGRESS INNER RING SPALL LOW GREASE WEIGHT

Grand Total

{blank)

10000
50000
100000
150000
200000
250000
300000
350000
400000
450000
500000
&50000
£00000
650000
T00000
750000
800000
1000000

1

b

Grand Total

Mean Time To Retum mprecise due to orly 7 data points. No Progressive Incidents.
1 return < 50,000 miles in service
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FNOK Count by Root Cause by

[Part No.
]
con Mileage
Root
Cause Root G alekg
IMNER CBSEAL OB SEAL
COCKED DIVMENSIONAL 1B BEAL LEAK - |B SEAL LEAK - RING LEAK - LEAK- OIL UNHARDENED
img- nsISEM. ISSUE EGRESS INGRESS SPALL EGRESS INGRESS SEPARATION RW Grand Yotal
10000
50000 1 1 1 1 1 8 13
100006 1 1 1 1 & 10{
150000 1 1 1 1 1 5
200000 9 1 1 } 12
250000 11 1 4 16
300000 1 21 1 3 1 ar
350000 & 2 1 9
400000 16 2 17
450000 i 1 6 7
500000 12 1 13
550000 5 1 B
800000 1 1 2
850000 1 1
700000 2 2
750000
BOOG00 1 1
1000000
J{blank) 1 6 3 t 11
|Grand Totd 2 ? B 98 7 4 1 15 18 152
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Count by Mfg Loc By Root
Cause by Mileage BTF-0049
only
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R-Safe Return Count by Root
- foause By Mileage in Service

Counl of Foal

1

| Foot Came I
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Response
1o Maln Document.

Rigk P Mormowl AMER/BKE
05424 OBr2T AM

Bubject:

Catagory:

C ohert of clalms by Allosn Bulid Month
[ Statstical Evaluations
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P & C Charts

Using Number of Claims Compared
To Product Quantity and Quantity to
Be Placed In Service (Calculated
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C Chart of Claims by Month
Limits Based on Dates Up To 199910
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-Claims Vs Qty in Service by month
Limits Based On Dates Up To 199910
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Limits Based on Dates Up To 18910
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Claims by Month Limits Based on Dates Up To 199910
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Process Capability Analysis for IR
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P-Chart - ARM Returns (18 Months Cumulative)

6.025

G020 | -
0.5

SIANG O] BHUN § MUY 4O uoIGda

ZLL002
oLz
s0Lo02
80L00Z
¥OLO0Z
20100Z
ZLD00Z
oLoo0z

| go000az
”Enbnn
 zo0002
 z18861
| 018681
4| Bo088)
| cosee:

k4
§

S

H

BKF 001998



t 1 Z1100Z

I O LOOE

-
-

804002

)

e

. e N o AM- an —d B mmm mmmm s e

P-Chart - ARM Returns (24 Months Cumuliat

i
1
;
__
1 ;
H '
1
“
i
“
I
“ 1
: ! 1
[Tr] = [Tr] o m
-— -
S ) ] 5 . .
= = = [ =] = o

SKF 001es7



# & Retums

15

101

C-Chart - # Returns By Week (Aiken Build Date) For 1999
SKF Analyzed Refurns

Bulld Datex Comespond to
Service Daiws For ARM Dala
Out-LH-Condrol Polnts.

45 49 53

SKF 001599




Mieage Call[{Al)]

[Count of Weelk No|
L

"" .l:l.-. __ T . - T . - === — 2]
. . .: ) _.-:_':' . N . -

12

HHB o s | [OWATER INTRUSION ALONG SPINDLE
8 —f L — 'IUNHARDENED RW

[ o ‘S OB SEAL | FAK - INGRESS
!D1B SEAL LEAK - INGRESS

T O R O N - O RN R R N T RTINS Iy

Waek Noj

SKF DO2000}




Response Sublect: Dals Ballz Updstsd grapha s of Juna 4, 2002
1o Main Dacument .
Response to: [ 7 Stadstical Evaiuations
Robart J BondyOET/SHF .
Q8D5 0534 PM Categary: Stixtica

X

f98x hab rt00 may02 datas fBEx hud warr comp data.s

SKF 002001



FF98X HUB Warranty Parfarmancsa - Claims Thny May 2002

molykoted | .
sarvice manuals

Imm&ﬂ

B R N EREEERICILEY LI . A

Rﬁ&#

. Lt
T i ae T
. N E I T
LR (o oreage
Ao T -
: .. : )
H .
1 * B
' ' N - .
'

P 1.1 :.ﬂ.

.6

33

2.7

24

- o @
~ - pi o = o

worw g Jed mijudes

03




]irc.l:rﬂyhﬂ Raturned for Analysia - End of May 2002

T ! EXF 002085
SERVICE | 5 !
SICF BERIAL # VN S _CLAMY | DATE & MIER | R/L - Commenmts
' No debria deming preesnt; ame ol saparation from grease; lood zone is visibie on cores; [ aal
193380180887 | IFLODYBIYPGIO7S | $18Z76 | 11/4/88| 610074) L (§pwear -~2mm
1 Lnad zone visible on cones: 1B weal i wear -2mm; some oll separation from greass; no detris
19308-H &1362 - R | _ N M T . R (doning L. .
IE wanl waar —1.Smm:dust Hp woar ~2mm; soma al separation from grsase; loasd zons vislble on
165880149031 IFLOUYRHYPF2STEE | 4870 OMOTAR|  6T18B84) L cones; nodebiis denting _
’ 1B s5al Hp wear —1.2mm;duxt fip waar ~2mem load 2one vieible on conas; some oil separsiinn form
10599-0148054 ] I ol * . R |ease; ng dabris denting
: Jarky during rotationy; OF outer race spalied; 1B aymponants arg debris dented; somes ol
. 20400-0H BSEXF G13681 Hazs2 472258 L saparotion ¥om the geess
. Baarings hiwe polixhed appearance; OB hae mimor finialh; B saal p waar —1mmeios! g
20399-1167218 ) s L - - R ~1.TSmmymincr irsiting on 1D of coned; soma ol separaknn from greasa
_ ' " |Soma qll separation from greace; OF race Ibad zona discolorad, OB cone and rdller discolonad:
181980158206 G13eTs | heara | | 444064 L |IB components not discokad; I seal Bp wear ~Imm no groave in dip ring
Both inier cone acan polshed, signs of cones creoping on spindle; soma of| saparmation from
18195-0190193 Y - " l._ R |gouass nodebris denting: IB coal lip wormn;
BE0A2- M2Ta2NY - Seal puma accepiable; some sepsation of ol 3eparation; greass is migrling o Ems snd of
oog1R 0 G1ipae ems | 58047 L jmollor, [B end OF; IB seal wear ~2rwn: norvel fretting on cona bones
00742-M279257 - Tone ring miksing; inner cone face shiow tircular marks on top of machining wilness: |F seel wear
99030 " - - R |~-S5mm; bearing surfaces polished
Some oil separation Fom greass; OB racw and roliers ar highly polishad; 1B seal waar—1 Smimy; np
258080185414 | G133 M8 L. . .BS0200 R |guovenclpiing
B8 1 52-L7 14350~
01732 __ AB3BRY nrsee | | S8GMA1 R OB seul shows light lube pume: nogroove In dip fing
A06-0164730° | IFUDDVBSYPGAISTE | 618277 | 1100450 806010] L [Some oi separation from gragse; 1B aeel wear —Mmm
| i War an |B race and anda of rolles; I8 ralkers show skght discolocalion; OB race s wear i
120680131801 | IFUDDVBIYPGA360t | 918202 | 122899) 488450] L [oentsr
Mo visusnl darnage to brgs; Load zone vishis on DR aone and mlilar Inney cores Bive boen
203580163278 _Graeaz | 91263 JE1SETY L [creeping |
i ﬁnmmﬂnmﬂimﬁmmmrﬂfuwmmmmwndnmm
Aaoueoesers | " oo e 5| R |0l separafion from groass
20456-0185638 ot e e 816204 __|_5es0ad] L |Novisual damape to b cones; some oll sesmaretian tiom grease
derky mdaton, DB duler' race spatied; no visusl damage on 18 cong o race; gresee o OS conl
20456-0185631 _ M e T | R |and race ook addired
Some od separaion from greasa; 1B cone moe and milers are in good condition. DB cone has
sipm of crasping ON 0iNdk &le0 stein on foad zons; 08 rollers are pollshad on load 2one; OB
23095-0180261 -t O W2038 _ | .| 4684508) L {race heevy stainon ke zana and stain staring 1o fiske: dip ring In pood condition
1B cone, mwrdlu-:nhgmdmmuﬂmmdmmamlnguudmnmm 08 rollara
B006-0186236 R I B Lo M| R___ jam highly polishec; ciip ring no ginovo
|Be2F1-ira- 18 cone, race and rollers are in Qood condilion; OB one, race and mikers s in good condition;
o2 i S .. halbay Az | .| Be0228| L _jclpring, slight grooes
- Harna ol Eeparatian Bom greass; 1B cone and rolkers are in good condition: 1B racs stain at lbeg
001 153-06271- zone; OB il ceparation krom grezse Ls more apparent. OB cona and rollars am in good condilion;
272432 " od - - R OB mcnt atein o koad Zovey; dip ring in goad condition
- T - H and 08 cona and rallars ane in good condifion; 18 and OB mce are darkenard at laad zane, chn
19388-0100341 JGiderd | 88w | | 3569 L (ringnogroove: soms of separiion from graase
T B cona debris denting ut kel zone; 18 rbers are stained and ahow signs of detria, denting. &
racs {2) wpalls, O coné staked 3t load 2one; OB rollars stainad a1 load zone: OB race stsinad gl
19399-0100344 - Mo L R load zone; chip ring sliaht groovn, 1B seal Lip wan
20500-01542604 £12970 18280 455,713 L BE OB comen mlrdlﬂmmhgymmn clip rirg Mo groove




26200-0184562
20450-0165724

20805-0205533
22005-0013002 |
251660018215

20300-0164728
20900-0164732
25188-0019216
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SERVICE
VIN# | CLAMF | DATE
o 9182885 )
I - - T A
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__B10388_ | wewy i
[ N 2 .~ B
.oohewes || dwsm 1
018285 |
L S )
. hswes | aysrs |
o Aeey | amses | 0
C JFUYSOYBLYLF3GOEZ | E1Fiteos | 07168
IFUYDOYBSYDFA0E06 | 033670 | O7/24me
WFUVDOYBOYLBGAO25 | _ 33esz | Q52608
AFUYDDYRTYLFIOB42 | 23335 | osovme
AhEmod O7Frausa

Ryder Huby Retumed for Anslyss - End of Way Z002

NRLES | R/JL Commers
“ |, A Didnotopon supect spaling; jerky durng mistion
851028i L !IB&0OBcones, races & rollers ene in good condition; dip ring no groowe
= 1 _R_ [IBEOB cones, races & milers arg In good conkion; ciip ing slight groove
BRAIeS| L Smuﬂlq:umlmiungwalhngmwanmnnHumﬂsml
Soma ail separalion Eom graeas; all bhyg parks have a mimor finksh; no dehris dant or vieusl
" R |damage
lnar cones: were creeping: 1B cone nas comosinn babwasn seal fips; soms ol wepantion from
65219 L greass; (B rolers look dry
'hmﬁmmum;ing;lamhummmmmﬂ.muhmmmm
" . R |gmeese novisual damage bo brge
(8 cone, raca & roffers show signs of ataining on load 2one; B cone, race & rollers am in good
2080 L |condtions dip iing lighl groove
- R B X OB .o races & rollevs are in good condiory clip ring no groove
OB acxre oll separalion from greass: OB cone, race & rllars am In good condition; 1B mne ofl
ST L |easl geease lp very tage; B cona, mce & rollars ane in goed condition; clin ring skght groove
s R__ [0B cone, raca & rollars show load rons? 1B cone, race & rotiers an In good condition
508184 L !Loed zone viakison inner conos; n vituel damsge to bros: sama ol sapaaiion from grease
Load znns vishia 00 iner conea & rolian; no visual demage 1o brga, aome ol saparation from
- R preass
_56T711] L |Did e open up; jerky during rotation. sLspect apalier 1B OUter race
e R |Did not apen; auspeci apaked race; jerky during rotation
W823 7 _ |Heauy frefting on D of inner cones; sorme ol separation from grezse; no visud dantga to brgs
- 0 f&mk;lmmﬂerMWmlmmmeEhﬁlmm m
Inner cones wers creaping. some ol saparation from grease: bona ring &5 caked with ails E ot
| BAT000) L _[lwm G seal purge; o visual damage io bigs
inner conaa war craaning; foren ding Ie cakoed wilh oil & dirt from B seal purge; some of
] R jsexmmtion fom prsase; no visus damage v b
iwmmmmﬂmmummmmmmm o Fone
L0562 L visudlotOB
.4 R, ]Mdlmmﬁnﬁmmmmlmmw
20348 L Jniﬂﬂm roces & milers are Ingood condition; cip ring no groove
WrH04| 7 !wheel o, innar & oubar nutg buenod up; deum & hub sl mourred 1o wheal
(S0TX| T R [Rachubk knuckle: boih bumi up
wwm1 (1} Boaring was cut In half by culting wonch was apinning on apindle’
EssTM| | |other bearing cona sien cut of with borch bis ks susty b tell iF it wae spinning on spindk.
c&:nugmd-dmnnmhnwplﬂmwmmmmﬂm 1B race pithing and
spaling; IﬂﬂmhﬁwmmaEmm:hnmluﬂmEmmmﬁMm
| #3272  |ioad zone; OB rodars dark discoloration
ImemMmmdummmmwmwmlﬂmmwnnmdﬂ
spincie and had 40 ke cut off with culiing borch; OB cor debros danding and clan on kadsd 2oy,
(38724 |06 rollers debres denting and stain on load zone; Contamination
1B cone lange Bres: haavy pitting and spalling «ue 10 Coroson caused by waler ingress; |B @Gs
.and redars stained on kxad zone and haavy debres dantng, Oﬁmmmmﬁmhnﬂﬂd
24,153 |condiion; clip rirg 00 groove; contsmination
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ABRACE
BRFJERIALE® [ VING | CLAMY | DATE | Mmes | ReL Cummants

Inner cones ware rolating, Inner cone faces and fack faces show winess manks; 10 of inner cones
mm;mummmmmmmmmwmﬁﬂmmmﬁuh
TFUYDSERGYLF4960 | 033885 O7R19e| Ss72ssl  [haves miror finish

- ) AR n'rnumﬁiﬁrﬁimwmiﬁm:uﬁummmmmMm;mWM
I |mnulhlrmwaeﬁng:hﬂmuﬁuﬂbumﬂpamnhu;mnﬂmmnrmrtlﬂm
| AVANDZIFIYN2EZSE1T | 33836 | ow2eme] Z77.2az llocky very dry: some oil senonation from praas. IJ
: ;Emﬂlwﬁmgrm:IBmmnmﬂtlemﬂrﬂbmmhmﬂdm:{
F588-0020557; (FUYDDVBSKDEO7268 | OJEG74D | OHOSSG 400873  iring sight groave,
mmmmmamwm;Iﬂmhmynalnmluudm-pulhnmﬂm
aMMmmmy;MmmMiMMmmmmmamm
.. Ord9e.01 DEADS TFUYDXYETXLATT 204 o I 120188 740,388 nmmdgqmm:nammmiﬂmhmmgmndmlm

. Drigs-0108328) 1FUYDXVERAATI2N | " 33836 ] thwiee) 740,30 18 :and OB cores, races and rollar are I good condtio; cip fing no groovs
- o ’ Bmlmmﬂmﬂmﬂumdmmm:lﬂrﬂmm;nnhathm:Inmm

- 7 Em.mudrﬂwsmnlmﬂmsﬂmumgmmmmwm
hu'nu;Ibsﬂuhﬂuﬁuhmmﬂﬂm.mammmmmhddhmgsllum

. [Qroce; contaminartion
mmmhmummuﬂlmnm:Oﬂmdanmdunumanduinmhadm-
nﬂmh'nd-hudaﬁmwnﬁnmbadm:lﬂm‘rmnndmlurnhguudumdhn;ﬁpl

ring e groowe,

IFUYDXYBSXLFI8021 |- U35G048 | av20m0| 551801

- o T © 77|18 reée one knch gpal; |6 cons and slers ahow signs of debvea danbng alsc kght sialn et koud
mmwnmammﬂypﬂﬂﬂmlb:uﬂm.mammlmulgtnstmnndmm
IFUYEXYRIXLATHIN | €852442 | Oaoeme| Soooms| |gaad candtion; cip ring slight groove.

nmﬁmwmmmhsphwuam;lammwapammmm
) muﬂsﬁnathndmm:EBm.mwmllamamlnnmdmﬂﬂun:uhmum
CoM2GBSID ). 33Ms4 | enrRl 0 | when emoving iub

TFLIVIWDBOX ASMB | S4B04TD 08108 SA1amE EHEE%@?!MWﬂhmmﬂPWMmmm

- T . o | oeno
. M_ﬁ;l;l TRUY2WOBMLASOSGY | oeceo2 | 08/17/8) soeee| 1B: arx] OR conse, ce and rolters are in geod corlion; ciia ring slight Groave: no probiems: found
0002138814k
MRS, IFUYIWDRZXILASIGS | 0473242 | 08/1308] 5064321 L8 and OB canes, races and roliers are in gaod condiion: £4p fing o groov; Ao problem found
" DORITFA-BiE &mmmﬂmmmmMumemaﬂmfﬁm:lﬂmﬂlpmr
—. M2ASN | AANSSEt 1 CWAImE? | onmimel ezasen| .. | Enchesiag; 1D of canes have o fmiting and have 3 polishad lock Bom cresping.

Lmumuhmu-anbum'mpﬁalmﬁpammuustrnnanimm;mhudmnu
WL i3 then color: grase peparstion prasent on bath cones
Hnﬂ“hqnhhm;lﬂmmm;mm:mmwﬂrmm
_ | 1P D DYEr G035 =855 D3N 1K00] 285241 . _E;gﬂ__nlzngy!r_wmhhutdlrt_lmmadnmmhmkfamdﬂmluﬂﬂr

T Too naty | h -
o, Luechow| FUYDWDBSXISB440 |  3TFT0 - m_m___%h@wgm_mmmmwmmemm

o e B L ot

T“Pmb"ﬂh!'}l IAYDOYBONLATORZ) | O3S6717_ | 104881 274741  |geass

AVGIDEIFRX NBBS06Y | 33608 | 071704 Ja2¢; | |Mo visusl damegs on bgs: some oil separation from greaxsa; A5 anal purgs scosahe
R ' T Juuﬂmmum;mdlmmmm.amﬂmmmm;mm
| MMEOE W cauaed by & bammer when 1rying to ramaowe hub; brg surfaces atarling o look
TR0 0265331 WFLLAHBOS1PHMTES 033na0 70800 417 i polis het,

R T ——————————————.
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o Analysis - End of May 2002

Commants
'8 race ono kange & sirversl wrml et on kiad zoos: 85 cona pk; seal (ip dia 216 mer med stakn
& dalwia denting; 18 collers steln & Debris danting on oad zons; 1B baaring ak damaged due to
camosion cauesd by wetor inpnoas; OB race Raking; einin on kaed zone; OB cone & roller sinin

_foad zone; cip ring slight prodws; conkamination

(B cone spaling on ooe sida eventy spallact \B race heavy sialn & piting; B notlers tained & deteis
dontig; OB cone aoe & milary; In good condition; dip ring na groows; Impaci oading
Bﬁﬂﬂm e & sollars g in goad conditicn; clip ing sight (roove

lﬂmmmmhwammMMﬂMWWlmmm&m

. | cuvlaries cénding; OB cone race & rollers In goad condition; cip ring alighd groows; contamiration

iB rRce dscoloration on ket Towve whinie langa and sl ands of olers rics; 18 cone Two spails an
ounfach whond roler (ame emd) rides; BB conm one cmall pi mavk on surface whan rolar (emel
e} riders; OB cane, race, and rallars ane in pood condition; I8 rollers debriy denting and heavy

IB oft el Bp 1.73 mm; ¥ cona heavy spafing In one arca causod by comosion dus o wier
ingress; 1B race and roller feavy atsin ard debria denting; B prease aroumd Toller vary hand: OB
cong, race and rollars ans sisined but are In good condition; clip rog akight groove; Cormaminrian
Hul reib ] cizeniatrmiokad; oy 13 relern & both inner cones refurne, clip ring is fractarad: 18
inner cones apakec om Bothom ralf, guiding fange o both iner Cones show sxcakaive wed both
REC AXLE WITH BURNED 1P EFARING SEIZED TO SPINDLE; REC HUB; WHEEL OFF -
AL

IB RACE HEAVY SPAILING AND IRSCOLORATION ON LOAD Z0NE; SPALLING AND PITTING
AMD HEAYY DISCOLORATION Ol LOAD Z0ME; LB i L ERS HEAVY DEBRIS DENTING AND
RISCOLORATICN ON LGAD 20ME; OE CONE AND RACE PITTING WHERE ROLLERS MEET

_|RACE: INBOARD CIL SEAL LEAKASE WATER INGRESS; CONTAMINATION

REC, GRUM, HUE, KNUCKLE AND CD BRAKE SHOE KNUGKLE INMER AND CUTER CONES

- | BEREED TO SMNDLE; HUB RACES BURN WP

i Ol SEAL L9 31V, 1 COME HEAVY SPALLING ON ONE SECTION: DISCOLORATION
GN LOAD ZOHE; 1B RACE PITTING AND DNSCOLORATION; 1B ROLLERS SHOW GIGNS OF
DEBRIS DENTING;IE CAUSED BY WATER INGRESS; (vB CONE. RACE AND ROLLERS ARE
STAINED AND SHOW SIGNS OF DEBRIS DENTING AND: CLIP RING SLIGHT GROOVE:
i TONE, RACE AND ROLLERS LIGHT DISCOLORATION ON LOAD ZONE: V8 CONE
{PATHNG, POLTSANG AN THECOLORATION O LOAD ZONE; O RACE AND ROLLERS
SHENS OF DEBRIS DENTING: ALL CALSED BY WATER INGRESS: CLIP RING BUIGHT

; INBOARD DI SEAL WATER INGRESS; CONTAMEINATION-S/25/02

16 RAGE HEAVY SPALLING DISCOLORATION, VERY THICK GREASE:IB DL SEAL LIP 1.55

MIIB CONE PITTING AND HEAVY DISCOLORATION ON LOAD ZONE; RLIBEMNG ON
FLANGE GUIDE; 1B ROLLERS SHINS OF DEARIS DENTING; ALL CANSED BY CORROSION

DUE TO WATER INGRESS; (VB BEANING N GDOM CONDITION: INBOARD SEAL WATER
INGRESS, COMNTAMINATION-M28/02

| RACE 142 SPALL THE REST OF THE RACE 18 IN GOOD CONDITION; 1 CONE AND

ROLLERS ARE IN GOCKT CONDITION; O/, RACE, CONE AND ROLLERS ARE N GDOD
CONDITION: CLIP RING SUIGHT GROOVE; 1B O SEAL LIP 1.4 MM- 52842

REC HUB, INNER. SEAL, BEARING GREASE VERY THICK: I8 RACE HEAVY BPALLING ALL
ARDUMD RAGE LOAD ZONE. 1B SEAL THICK GREASE, O RACE DISCOLORATION ON

: | CLUSIVE-S28/02
LOAD ZONE; INCON SKE




Wummmmmﬁ End of May 2000

- w———

m
BNFSCRIMLE | VING . CLAIME | DATE | MMEE | R/L | Comnursy
16 & 68 CONES, RACES AND ROLLERS ARE IN GOOD CONDITION; GLIP RING-NO
33000-0211572]  SFUYIDOYBXYLGI2936 10034125 0E/O4NY| 2035821 IGROOVE; NO FROBLEM FOUND-G28/02
HEAVY HAMMER: MARKS, CLIP RING WAS BROKEN REMOVING HUB; O/B GONE TOD
HEAVY SPALLS 1" LONG; DISCOLORATION DUE TO HEAT ON GAHDE FLANGE; OVB RACE
AND ROLLERS SIGNS OF OFBRIS DENTING: 18 CONE SPALL 34" LONG, 1B RACE AND
U3E4- Luachow)  1FUYSOYBHLAZE088 133835 0o01%8| 48188 |ROLLERS SKNS OF DEBRIS DENTING-S2ai02

LIGHT Ol SEPARATION OB, B CONE HEAVY SPALLING DN LOAD ZONE; [B RACE, HEAYY
GULLING ALL AROUND RACE ON LOAD ZONE: ¥ ROLLERS, HEAVY DEBRIS DENTING; B
QREASE ARCUND ROLLERS VERY THICH;O/E CONE, RACE AD ROLLERS ARE M GOOD

_ YMOE-007TE IFUYDSEROGRBTONME |E1788041 | 040108 6ASM)  ICONDITICN, CLIP RING AND GROOVE: CONTAMIMATION-5/24:02

REC HUB B KNUCKLE ANE O/ CONE; (O CONE AND RACE HEAVY PITTING AND
SPALLING; 1B RACE HEAVY DAMAGE; INBDARD SEAL L EAKING WATER HNGRESS:

(VB SEAL OfL SEFARATION FROM SEAL; 1B AND 0/ CONES, RACES AND ROLLERS ARE
27558-0026190) 1FUNDMEBSXPASI068 (0034353 o125mE| STzAS2! B _|INGOOD COMDITION; CLIP RING MO GROOVE; NC PROBLEM FOUND-S/25/02

P ket amthhid L s e . Wl R

" |18 CONE, RACE AND ROLLERS ARE W GOOD CONDITION; O/B COMNE, AND ROLLERS
DUECOLORATION ON LOAD ZONE; OfB RACE HEAVY SIGHNS OF PEELING CLIP RMNG- NGO
251000101 H)| {FUNDMEBIXNPAGI00S 10034358 O/25/08 5?'2.542_.__!___1% NO PROBLEM FOLMD-S2302

HUB RETURNED DISASSEMBLED; i INNER COME SPALLED ON BOTTOM HALF: OREASE
IS A BLACK TINT; CLWP RING FRACTURED [LRING REMOWAL ; ND VISLIAL BAMASE TG 08

A 1FUYRCYBIYDY ; b IRRG. L

IB CONE LIGHT PITTING AND DISCOLCRATION O LOAD ZONE; 1B RAZE PITTING AND
IASCOLORATION ON LOAD ZONE, 1B ROLLER STAIN DN LOAD ZOMNE: OfB CONE LIGHT
DISCOLORATION ON LOAD ZO0ME; (VB RACE HEAVY DIGCOLORATION AN FLAKING ON

2amyy 0B/ZW06| FOTAB4 _|LOAR ZONE: (V8 ROLLERS LIGHT STAIN ON LDAD ZONE; CLIP RING-NO GROCVE 51002
{iBAND O/ CONES, FIACES AND SEALS ARE IN GOOD CONDITION: CLIP RING NO
3622 Ov(5P8] 340588]  IGROOVE: NOPROBLEN FOUND
I "~ 7TI6 BONE, RACE AND RGLLERS ARE IN GOOD CONDTION: OVE RACE HEAVY

DISCOLORATION OM LOAD ZONE; O/ CONE AND ROLLERS ARE IN GOOD CONDITIDN;

BESITYT 120008) JRESY 0 |CLIPRING NOGROUVE, C.R. SEAL, NC PROBLEM FOUND

C.RLSEAL 1B AND OFB CONES, RACES AND ROLLERS ARE IN GOOD CONDITION: CLIP
33812 OMIURG| 56135  RING NO GROOVE; HO PROBLEM FOLND
_|E17andia I Helb rsbumad with VB brg disassambiad - spaliing end conlamination preaent; sent to SKF
Unil 39813 | 08M016) ________4___________1samnsm=
CWAIDN? Sart 4o SKF
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Response |sujec Eampie Ste for R-8afe In fisld

to Maln Document .
Responssto:  [7) Statistical Svaluationa
Rick P ormow/AMERIBKF .

05/08 0600 PW Caagory: Statistica

Samplo siza THL oo
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Dusne and | have consicerad sample sizes to estimate If the 2% of seals with axlal AND primary lip
fallures occurmed In all Bathishem batches. We bad astimated that 2% of the seals from the last batch of
Bathisham production exhibiied both defecis on the same seal,

The semphs 3izes are [drge to get any degree of confidanca. We provide he sample sizas basad an how
cordident wa want to be with a mangin of error end probebiity of saying the percanteges i higher whan it is
not. Ona can sae the change in sample size beesd on the pmpurlian of senis defectiva baing grastar than
4% and 6%. {Altemutivae praportion in the table balow).

Teating proportion = 0,02 (varaus > £1.02)
Alphe = 0.01 B9% Confidance Leval

Alternative Sample Target Aclhusl
Propartion Sks Power Power
4.00E-02 1080 0.5500 0.8500
4.00E-02 802 0.8000 O.800%
8.00E-02 321 0.9600 0.9501
6.00E-2 173 0.8000 0.8007

For example, a sample size of 173 hubs would need to be pulled across sll production to hava a 98%
confidercs level that the population of seals havirg bath defects is no greabes than 4% (2% with 2%
amror). Tha quantitisa should be siratifisd using the quantity per bhaich,

Annther way of considering sampls sizw is to astimeta the prabebéity in & semple of 10 hubs o find 1 or
more ssdls with both defacis. This ragult is 18%.
In othver words, one would hava lo semple much mors than 10 hubs to have any confidence of the true

popliletion proportion.

The purpase iz o have confidance of the probahbility of a bub heving both defects in the saal AND all
othar faciors balng pressnt (Walar at tha ssql prior o BNoUGh WAAE 10 rapair the dafiset with siatic
tolarancs band).

Wi shauld coneider the posaiblity of deducinyg fram Battisham's racerds dus to ths largs eampls sizes
suggastad.

Rick

Additional Power and Semple Size

Tast for One Propariion

Taating propocaon » 0.02 {versus > 0.02)
Alpha =0.2 80% Confidenca kevel

Alternative Sample Target Actusl
Proportion Skze Powsr Fower
4.00E-02 483 0.0300 0.8502
4.00E-02 200 0.8000 0.BOM1
8.00E-02 182 0.8500 0.9503
6.00E-GZ 64 0.5000 0.8027
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Response
to Main Documant

Rk P Monow!AMERSKF
D&/28 Dat:00 AM

Subject:
Respongs to:

Catagory:

Hub High Warraniy Farlods Teated
[ Statistieal Evaluations
‘.S‘H'EEIH

Stear THU RM Short 8 27 only picturs.
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Chuck believes Aiken produced hubs went through two and maybe three periods of
higher than normal failure rates. Julian dates 12098 -27398, 11099 - 14099 and
possibly Aug and Sep 1999.

His hypothesis is an axial clearance gage cycled into a wear pattern after
recalibrating. This gage was eventually permanently corrected and the higher than
normal failure rates ceased. He believes this permanent correction occurred in
November.

He described a peak and valley cycle in the axial clearance.

Null Hypotheses

Hol: No time periods correlate with
significantly higher warranty claims Vs
Production Quantities

Ho2: Axial clearance gage performance
does not affect proportion of claims

SKF 002073



Analysis

Mike Lewis requested analysis of Chuck Smith’s suggestions that “Aiken™ had several periods of
high failure. In addition, Chuck and Mike have requested belp in determining hubs to retrieve from
high warranty production periods. These answers are possible if someone can identify hubs within
vehicle.

Duane Gipe months ago identified several time periods that had a higher proportion of claims

This stady supports both analysts using the hub production dai¢ from the SKF analyzed retumns
database of only those claims when production date is listed. Therefore, there may be a selection
bias. The Null hypothesis Hol is rejected.

One or more parties (ARM, Aiken and Luschow) cxpmcnced abnormal variation during several
weeks.

I added the cornments, root cause from SKF work and whether the claim was validated to support
decisions on true root cause.

Other hypotheses were tested and included. Sunday has a higher proportion of claims, for instance.
Axial clearance hypothesis requires data on gage maintenance,

Six Sigma analysis includes SPC and hypothesis testing, Further analysis is possible when data is
available.

FMEA is again recommended to direct root cause analysis

SKF 002074



‘Data Concerns/Notes

Selection bias may be present because claims missing build dates were excluded.

I have received no process measurement dats to assist in identifying variation in Aiken.
Several claims were posted against hub build dates that showed zero production. Several
analyses were mun and this error was insigmificant.

Immature data for periods after these studied due to Mean Time to Failure

Luechow hubs are included in one high proportion time period

Databases used were Aiken production quantities by day, the SKF analyzed retumns database
and the ARM database of 2,200 claims.

Claims werc also shown for hub build dates that were identified as producing only trailer hubs,
No data is available from suppliers that may be tested for variation and correlation with claims.
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Duane Gipe’s original chart

Claims Vs Produced
Limits Based on Dates Up To 19910
004 —
0.03 — UCL=0.03155
-
Q2
S 002 S _
g P=0.01754
(4
0.01 —
LCL=0.003526
0.00 —
| | I | | [
Subgroup O 10 20 30 40 50
Year Mon 199807 199905 200003 200101 200111
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Analysis Begins 6/27/02

u Chart Count of Claims Vs Monthly Production

Steer Claims Only
March - May 1999
00002 <  september 1998
S A UCL=1.45E-04
. Q
O
2 0.0001 — _
= U=8.35E-05
3]
4]
LCL=2.22E-05
0.0000 — /L \[
I | I
Subgroup O 10 20
ByVar3 199903
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Individual Value

Warranty Claim Proportion by Year/Week

Steer Hubs Only  Weeks 1998 39, 1999 17, 1999 19

0.010
0.005 —

0.000 —

See Detail Followipg Slides

b

é%

Moving Range

o

T ¥ T | I ! I
10 20 30 40 50 60 70

mm 199918 1m1 158951

0.006 —
0.006 —
0.004 —
0.003 —

C 0002 —

0001 —
0.000 —

MNMQKM

UCL=0.006422

Mean=0.001781

LCL=-2.9E-03

UCL=0.005702

R=0.001745

LCL=0
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Warranty Claim Proportion by Day Steer Only -
Note some warranty on dates showing zero steer
produced. Changeover to Steer Mentioned and Next

005 —
5 0.04 — - '
© 4/19 4 claims at changeover pnly 67 produced.
> 083 — 4/20 had 9 clai
T:l} 002 —| 8/27/98 ciaims
2
2> 001 — UCL=0.008084
2 000 — Mean=0.001796
- LCL=-4 5E-03
0.01 : . : . | | | ,
Subgroup 0 100 200 300 400 500 600
YriWeek 199837 198851 100014 199920 199943 '
1 1 | ] | | 1
]
© 003 —
cC
F 002 —
h ' ]
E 0.01 — i -
il A T TR UCL=0.007724
= 0.00 — ﬂ.l‘.ulﬂl‘;ll“&‘“ Béﬂgjzam
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Steer Production Dates Only

Warranty Claims by Day

o
!

o
|

o
I

Individua!l Value

£
=]

DCanwlOON® T &

Y O I I I

Moving Range

.iﬂll !

“l ]H ALY I

UCL=2.942
Mean=0.6955
LClL=-1.551

UCL=2.760

R=0.8447
LCL=0
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Day 8/27/98

|an=-maa V016246 | O&/27/58 | 3 | 1958 |Alken |[Frine  |Ryder CWADLD150
BTF-0052 | D16438 | 0827598 | 3 | 1998 |Alken  |Frine  |Ryder CWADDISA
BIF-O0M9 | 0015726 | OW27A8 | 3 | 1096 |Luachow [Fdinr  |Rydar 318273
lﬁﬁmﬂ 0015066 | D0/27/98 | 3 | 1968 |Luechow [Frinr Rydar 31B2IT
[Rois In bearing "~ [NGISEVIBRATION [ tFUYDDYBOXLATOR15 498210] 5000008 SEAL LEAK - INGRESY
Whee! bearinga were faled [BEARING FALURE  |<FUY DOYEALATUD00 351267 400000 IMPACT DAMAGE

B NG INFO TFUYDDYBAXLATD17 380097 400000|IMPACT DAMAGE

NO INFO 1FUYDDYBEXLA 70821 418370] __ 450000]WATER INTRUSION ALON

B brg row waier content 0.49%, brg cir 0.12%

Valid

Line apalling of I8 IR at loaded zone I
Em‘ddhasm. OB row G, 1B row line spalla nimlln@;ﬂ:ing__ [
Endplay 0.000", jerky rotstion, 8 row met debris, 1 row VG, /B seal fund malid
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Week 39 1998

Hub

Day of Production Total Praportion
Week Date 3rd 118t 2nd Dally of Claims
Sunday 1 No Steer * * 83 180 223 0.4484%
Monday 4 No Steer * 36 91 80 207 1.9324%
Tueadeay 1No Steer* 0 0 120 120 0.8333%
Wednesday 1 No Steer * 136 174 78 386 D2591%
Thursday 3 No Steer " 120 94 122 35  0.86988%
Friday 2 No Stear * 176 7 84 287 07491%
Saturday 3 No Steer * 86 T2 499 257 1.1673%
Sunday 3 No Steer * * * 0 0"

[BF-0052 | 0022010 AKBn  |Frity  |Ryder - Ashland Gty 031400

BTF-D052 | ‘0022921 | OW21/88 | 3 | 1008 [Aken Ryder Unil 125665

[BTF-D052 | ON21m8 | 3 | 1908 [Akewm Rydor Unil 220668

BTF-D040 0821788 | 3 | 1996 JLuechow [Friinr  |Mox Trk CHEDB413 1/2

BTF-0049 | 001087 | OW21/88 | 3 | 1098 l'l.i.nd-m [Fiilr |Mox Trkg ~ CHEOMMS?

ETF0040 | 0022434 | OWZo88 | 3 | 1998 [Luechow [Frikw _ {Mox Trkg CHEDB413 272

BTF0052 | 0024551 | Oov23/08 | 3 | 1998 [Aken |[Nemistar (Andmws Trucking 00BB188A

BTF0062 | 0027234 | 0024788 | 3 | 1898 [ARen |[Frilr  |Mike Newsone HLFDOOD1E450T

BTF-0052 | 0024342 | OO24/88 | 3 | 1996 |ARen  |Nemsler |Vision Transp. 089156A

BIF-OM9 | M222432 | Qav24/B8 | 3 | 1900 |Luachow [Menislar [GSP Truck D041874D

BTF-0052 | 'D024014 | O258 | 3 | 1990 |Aken _ [Frir  |intersiale DWFDOODIF334T_|

BIF-0052 | '00z3016 | ov25e8 | 3 {1996 [Aken | Ryder Unit 320654

[BTF-0082 | 0024707 | OvoarsA | 3 | 1990 |[Aken  [Frirr E1703119 172

BTF-0052 | 0024841 | OovzavBa | 3 ( 1996 [Aken  |Frikv E1703119 22

[BTF-0052 | O0ed231 | ON2we8 | 3 | 1990 [Alen Ryder Linit 379670 272

BIF-0052 | Di24A53 | Dovz/sa | 3 | 1908 |Asken FRyder Unit 320664

[BTF-0052 | 024430 | 027198 | 3 | 1098 [Aken Ryder Unit 320668

BIF-52 | DOZ4434 | 02786 | 3 | 1998 |Alken Ryder Urit 320670 112
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9/20 — 9/27/98 Week 199839
continued

SKF 0083

Seved ) FUYSOYBAM B0 275378
Inhex innl |NON-BPECIAL B
Faiune IATYSCERA OT 2070 Sa7114]
ND MFO N0 PROBLEM FOURD |
B ecing Faliune S5H SPALL
Lube lsaking #om RF iy [LEAK FMALFSCIRSTST 250000[0IL SEFARATION
Ndsy, Railes TFLYEDYBOPASTO07 F50000|NO PROBLEM FOUND
Looed LCO0TAR 213878 250000|NO PROBLEM FOUND
hasl zacl lamidng LEAK 18068t]  200000(15 SEAL LEAK -
Binds & aticks 1 DYHEPI003TS 308006] 00000 N
NO INFD [BDaSAS J00000[IB SEAL LEAK - NGRES
.|].udu TFUPCS B0 AT 28T L] -
Lesks LEAK TFUPCEZEAN A1 282 3531 4D0000[NG PROBLEM FOLIND
NO INFO BONXLZ S50000| 1B SEAL LEAK - IRGRE
N0 1B SEAL LEAK - INGRE,
NONFD 313601 ¥S0000[8 SEAL LEAK - INGRES
|H0m B0 —
. 1 teal dust ip wom oWl [Vald
Ermu',rum Nuny,ﬂﬂsupage-—!ﬂg od saparatian, Br.agn Valid
. 0.000°, smooth wotation, very cluan seals, appsams to be cormuso]vValld
nghOCCUITEﬂﬂESgﬂwgs also %uw smocth quiet ratation, 1B & OB iy rows VG, 1B seal fund] nvelid

[Endplay 0.000", amooth quiet rolation, 1B & OB brg rows VG, I8 seel func|inwifd
E?m_uum‘ smooth guist miztion, OB row VG, I8 OR RW single ine [Vaikd

0.000F, smooth I'Nﬂmminhrnnldltm.mlltﬂﬂmhg_lﬂﬂh i
OB eeapage —1.5g, B dry, endpley 0.000°, smooth quiel rotation [imid

Endyplay 0.000", amoolh qulet rotetion, DBnuana:E.ﬂg,lﬁ-ﬂﬂ imelid
| Huby OD coverad in greess and dirt, alid
& blued, Bmllau ends p{inconciusive

B row sezad, OB heet - madted

[Evxiptay 0.000", rotation stiff, no noise, OB IR spall mult log. around ring, |valid
Emhlayr 0.000%, amacth rotation, mo intevnal distress(Troy Lab detemminatd inadid
[Endplay 0.000°, smocth miation, no infemal distess{Troy Lab l:htannh'ﬂtl[h-.dld

[Endplay 0.006", smoolh mtation, B OR spall mukti loc., appsars to be cofValid
Recd disess., OB R spall, 1B ceapage -2.0 g, B OR RW spall ina 380 [V alid
E@hrﬂﬂlﬂ' smoolh migtion, comosion in OB row, DHseqmm—ZDgUdnd

[Rec'd disass., IBHmlning B OR RYY spad mulli lac., apmstnbenquld




4/18/99 — 4/24/99 Cont

Woak 17 1998
Changeov
Monday 47161999 erto Steer 3NoSteer* 0 0 67 67 44776%
Tuesday 472011899 9 No Steer * 239 205 262 796  1.1307%
Wadnesday 472111999 5 No Stesr * 340 275 204 809 0.5501%
Thursday 42211690 2 No Steer * 320 296 180 796 02513%
Friday 44X en9 1 No Steer * 200 134 210 544 0.1838%
. Sahwday 4/2411999 0 No Steer ** * o*
[BTFO0s2 | 0126613 | 041988 | 2 | 1999 |Alken  |Nawstar |Trucks inc. of Janes| CWADB205
{BIF0062 | 0121704 | 04F@D0 | 3 | 1990 |alken  |Nawistar |WaMan Unit 81069
BTF0052 | 0129545 | O41%00 | 2 | 1909 [Alken |Navctmr |[WalMart Unit 9711
BTF-0062 | 0122948 | 04720008 | 2 | 1908 [Aken |Frinr [Ryder E 17248206
BTF0052 | 0127740 | O4ZV98 | 2 | 1999 |Alken  |Frdor KLLM E1744815
BTF-0052 | O121708 | OM20/58 | 2 [ 1980 [Aken |Nadatar |[WalMast Unit 91058
BIF-0032 | D122002 | O420M9 | 2 | 1999 |Alken  |Voho  |Fi-Mor Express CWAGIT3T
BTF-D052 | 0121402 | 0472098 | 2 | 1990 [Alken [Ryder Ryder Unit # 337287
BIF-0052 | M121626 | 042098 | 2 | 1888 [Luechow |Frinr BPFDDO01ANE2T
BIF-0052 | 0122112 | OA%0/0 | 2 | 1999 |Alken  |Navstr Iﬁum _WMTD1402 272
BTF-0062 | 0122110 | 0472096 | 2 | 1988 |Aikan  |Navsler j_mm WMTD1482 172
BIF0052 | 0422124 | 042050 | 2 | 1999 JAken |Nmvistwr |WniMart WMTR1509
BTF-0052 122633 4221099 2|  108b|Aiken Frilrw Hearland Express  |E1682185
BTF0052 | 012545 | 0421708 | 2 | 1999 |Alken  |Friine__jHsartland Express E1720710
BTFO052 | 0122935 | O421/80 | 2 | 1989 |Alken |Frinr 48806
BIF-0052 0123027 #2178 2] 19es[Alken | Ryder 33823
BTF-0052 | 0122696 | 04721708 | "2 | 1999 |Alken  |Frmr CVWADDG6E
BTF-0052 | (123651 | O4f22/o0 | 2 | 1909 |Aikan  |Newister |wWatWiar Unit 91287
BIF-0062 | DM23372 | OA/22/80 | 2 | 1990 |Alken |Navistar iFiesl Prige Unit 3038
BTF-00%2 { 0124025 | O4/25/99 | 2 | 1999 |Alken Rydar Unit 334748 3614
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4/18/99 — 4/24/99 Cont

NOISE/ABRATION 2HSCHASR1YCOGR276 277640 30000G]E SEAL LEAK - INGRESH Valld
[NDISENBRATION ZHSF MAMRAYCOZ29364 260250, 500000|B SEAL 1EAK - INGRESH Vaid
ENDPLAYLOOSE __ [ZHSFMAMRSYOO2970D [ 346248)  350000jLOW CLAMP LOAD I
BIND/STICK FUYSOY BXYLF 25570 S88523]  BO0DO0[UNKNOWN Inconciusive
LEAK TFUYSZYBXVLIB7534 3(4850]  350000[NO PROBLEM FOUND_ [imalid
[NOISEAVIBRATION HSFMAMRXY C025353 286151 300000| 1B SEAL LEAK - INGRESSValid
NOISE/VIBRATION AVAND2UFEYN7ER360 T 356050]  400000|MPACT DAMAGE [imeild
[NO INFQ B SEAL LEAK - INGRESEVakid
NO INFO NO PROBLEM FOUND  [imalld
BEARING FALURE 146540]  150000[IB SEAL LEAK - INGRESHVaid
BEARING FALURE 146540 150000|MPACT DAMAGE malid
BEARING FALLIRE 195958 mn+n SEAL LEAK - INGRESH{Vald
NOISE/VIBRATION AFUYSDYB5YCASI2E0 Z48475| 250000 WATER INTRUSION ALONIvvalid
LEAK, AFUYSDYBYLED1576 311918]  350000(i8 SEAL LEAK - NGRESS Valld
NO INFO AFUYSDYE3YLF38977 591544] — BOODCO[IB SEAL LEAK - NGRESS{Valid
NO INFO AVAND1IFTYNTZ3198 615330 85000018 SEAL LEAK - INGRESHValid
NOIENVBRATION AVANDIUFGYN768433 351884| "~ 4000C0|IB SEAL LEAK - INGRESSVaiid
NOISE/VBRATION ZHEFMAMREY(R0218 260100]  3000C0|MPACT DAMAGE Invelid
BROKEN/SEPARATEL HXC0Z308000M _ UHKNOWN __|inconclusive
1FUYDDYBOYP&I6713 Ed6460] 550000 SEAL LEAK - INGRE SS9 Valid
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Week 19 5/2/99 — 5/7/99

Weok 10 1989

Sunday 5/2/11885 1 No Sher * * o ar

Monday 5/3/1950 6 No Ser * 57 350 176 583  1.0202%
Tupsday 5411556 8 Na Stear * 259 264 217 740 1.0811%
Waednesday 50/1999 5 No Skeer * 300 285 358 823 054 7%
Thursday 581885 7 No Steer * 302 280 289 B71 0.8037%

Friday 5{7H 858 1 No Steer* 0 251 274 6526 0.1805%
BIF-0052 | 0128883 | Q50299 | 2 | 1098 [Alken  |Frior “E1748128  |vaxd |
BIF-0052 | 0124110 | OGOaod | 2 | 1998 [Aken |Fronr GETG2 i
ETF-0062 128126 06W0306[ 2| 10@8JAlken” |[Fiinr  |Ernpire Tnuck Sales |CWADG54 Valld
[BTF-0052 128021] 05099 2| 1980(Aken  |Frikr E1741081 malid
BIF0052 | 0128019 | 050399 | 2 | 1999 [Alken |Friw —E1602210 Vaid
BTF-0052 | 0128460 | O0M9S | 2 | 1999 [Aken {Mckenzie Tank Lines R.O. 45442 Vakd
BTF-0052 120088  OSAve9 20 1998jAlken  |Frtinr C WAOT43E imalid
ETF-0052 120302) 05049 2| 1908(Alken  [Froee | E1674440 Iwalid
BTF-0082 | 0120348 | O5/04/00 | 2 | 1090 |Alken |Friinr | |Tim Molerd/CR Engld E1525550 Vaiid
BTF-D052 126849] 05099 2] 1998{Alken  |Friw  |Zuran Petie E1752443 nusiid
BTF-0052 1277 0504m8| 2]  199G|Alken Marin Lipa BEI0Z|OPEN |
BTF-0052 | 0170218 | O5/04/%9 | 2 | 1999 JAlken |Mack  [Tom Baloy Molors |  CWAD4353 OTHER
BTF-0052 126683 0504880 2| 1009JAiken |Finr  |Roehl Trensport CWATTED Vakd
BTF-0052 128691] 00400 2] 1588JAlken  |Fiine Roohl Traneport CWAO7839 Inuslid
BIF-0062 | 0120180 | Ooe4/9g | 2 | 1990 {Aiken KM Tcondlusive
BIF-0040 | 0130080 | Oo/06/99 | 2 | 1900 |Alken  [Feline E1680451 wakid
BYF00LS | 004336 | 0050 | 2 | 1989 {Luechow |[Friinr NEFDOOOTETA3T 12 [ivalid
BTF-0062 129913] O%05m5] 2| 1000|Alken  |Friinr Bar Nang E1689062 Valid
BIF0052 | 0123545 | Oam6/ | 2 | 1090 JAlken  |Frilw — [New Prime E{750047 Valid
BIF0052 | 0129637 | 050589 | 2 | 1999 |Alken  |Nawstar |Jamss Lifkin 00134554 Ivalid
BTF-0052 | 100816 | 05/06/88 | 2 | 1989 [Aiken  |Friinr E1892211 Imalid
BIF-0052 | 01300682 ) 0o06/28 | 2 | 1989 [Alken  [Pirbit _ CWAD55981 ncornclusive
BTF-0052 | 0130507 | 0S/06/88 | Z | 1989 |Aiken _ |Nawstar |Harmat Enwironmentd CCUDA5TY Valld
BIF-005Z | 0131322 | Co0es9 | 2 | 1080 [Aken  |Nastar 00422058 Vahd
BTF-0049 30522  osioaen 2| 1955[Alken  [Friinr E1828133 Valld
BTF-0052 130662] 0508788 2| t098|Aken  Friinr_|Hadit Singh |[E1755522 Valid
BTF-0052 | 0131015 j o506/89 | 2 | 1988 [Alken [Frir  [CSS Transp BNFDOOGIMESTT [imafid
BTF-0052- 131258 0507708 2| 1999|Alken lrdinw E1752364 Valid
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Week 19 5/2/99 — 5/7/99

WVald

NO NFQ 1FUPCSZBYLAGETE2 273885]  3000C0[MPACT DAMAGE walicd
Bearing flle BEARING FALURE ___ [1FUYDSZBIYLFOG032 305007 a0000G)B SEAL LEAK - NGRESS Vaiid
Chaler . nolsy. vbrallon  [NOISE/VIBRATION 1FLY SXYBOYLB40034 33a2|  AD0OCO[TAMPERING  ~ [imalid
Comoded & rust CORROSKONRUST __ |TFUYSXYB7YLBA0032 270902|  300000[8 SEAL LEAK - ﬂiGRES;Uﬂd
Nodse and vibration i front [NOISEAVEBRATION [MIAA1ZYSYWI2359T 209797]  250000[8 SEAL LEAK - NGRESS Vaiid

ND INFD UNKNOWN Tnalid
Hub beasing binds & stcBININS TCK 1PIYDDYBGYLBO5748 181161 WATER INTRUSION ALON invalid
[Teo much playfieaking  |ENDPLAY/LOOSE AFUYSDYBEWPS17799 04315 %mmmn RW Vaid
Hub bearing brokien nmxemsemmmn‘ilmn' ¥ S52D5Y LARZ032 346050| UNKNOWN rwalicl
Hub beasing noley & ralt{ NOISE/VIBRATION | IFUYSBZBXYLBSE102 450061 S00000IOPEN OPEN
Seal Jeaking EEAK IM1IAA1EY XYW 121483 251046] ~  200000{ E SEAL DAMAGED OTHER
Hub bearing rough NOISENVIBRATION 2HBFMAHRSYCO32039 264257| " 300000]B SEAL LEAK - INGRESHValid
Hub bearing rough NOISEVIBRATION  [2HBFMAHRSYCO32039 284207 WATER INTRUSION ALON Imallg

NO NFO UNKNOWN Inconciusie
Beoken BROKEN 1APCSZRSYPRBI016 308355 LOW CLAMP LOAD i
Bindks & Siicks - Lesking |LEAK - [IFUYSDYB4XPAI121 331718[ " 350000/NO FROBLEM FOUND _[imalid
Hub bearing broken BROKEN/SEFARATED f{1FLY 3SEE4YPT 80354 233800 250000/ SEAL LEAK - I__NGFlEsgv:a:Fd:
Froni axte hut ioose LOOSE HUB AFUYSSZB1YLEB54020 3B6207] 400000 SEAL LEAK - INGRESY Vakd
Noix atine wear NOISENIBRATION 2HSCNAERDY COS3562 145715  150000{NO PROBLEM FOUND  [inwalid |
Binds & ghicks BNIVSTICK 1FOYSDYBXYLASS443 258767]  300000|LOW CLAMP LOAD imalid
[Bearing fafure BEARING FALURE DPSDESYA4YDEM2T 304476 UNKNOWN inconciusive
Soal Leak LEAK ZHSFHAMRSYCO24047 1184 50000|B SEAL LEAK - EGREGS|Valld
[Wom WORN EEARNG/HUB  [2HSFTAERXYCM3108 166861  200000|B SEAL LEAK - INGRESH Valid

NO NFO - B SEAL LEAK - msnesgwid
Froni axts bearing wom | WORN BEARING/HUB 402X¥)| 45000018 SEAL [EAK - INGRESHvald
LS hub Bty BEARING FALURE — 346177/ 350000 WATER INTRUSION ALON vwelid
Front mxde, hub besring noif NOISEAVIBRATION TFUYSSEBIYLABDTON 308528]  250000|IB SEAL LEAK - INGREST Vairi
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Incindes all weeks even when trailer hubs made

Boxplots of Warranty by YrMlonth

(means are indicated by solid circles)
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One-way ANOVA: mﬂmdﬁﬁﬂummﬂhm trailer hubs made

Analypia of Variance for Warranty

Bonurce nr a8 M F P
YrMomth 1% 98.591 E.50 4.45 Q. 000
Erxor B35 604.T4 1.22

Tokal 573 783.65

Individual 95% CIe For MHaan
Bamed on Pooled Sthev

Lavel H Maan BtDEYy =——== e mm - L mma —ma—— e
193806 1] 9.133 0.345  |----- T }
199807 1 o.097 D.395 [====== Fommmm H
1398404 i1 4. E05 0.984 (=== W ma ]
199409 10 1.167 1.234 {oamm- ®eee )
199814 EF] 0.158 D.363 [===--=¥eeea H
190811 g 1.500 b.874 | [ P, }
139912 3l 0.333 0.833 {—-—- L }
139501 13 0.8EZ2 1.:87 [~—mmadmum ]
199943 26 D.308 n.518 R e i
189503 1 1.194 1.682 R S— }
195504 g 1.067 2.243 fommeem LT ]
159805 a5 1.590 2.217 [-=----—- L P, ]
199805 11 0.743 0.815 {--——= e 3
139507 i1 0.290 n.53% [mmmm-- LEE LT ]
173800 k I a.n94 0.29%6 ([~===-== Vommrm }
199909 a1l CG.Ads 1.014 {~==-- | ST I
15991p 11 0.1% 0.477 {-—~—- PR
1855811 il 0.5 1.31%9 | J, oo }
159312 28 0.3z1 0.8563 f-—=—na Brmmmma ]
----- D el EECELEE R PR R R E PP
Pooled SEDEV = 1.111 Q.00 0.60 1.20 1.80
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Includes all weeks even when trailer hubs m;ade

Boxplots of Warranty by YrWeek
{means are indicated by solid circles)

Warmranty Claim from SKF Analyze
T

Ll nw.flhl bk

H|||HIIIIIHHHIIHII'IIIHI'II'IHIIIIIIIIHIIHIH—H'I'H'IIIIIIIIIHIIIIIHHIIIIHI

8KF 002064




Individual Value

Subgroup
YearWeekiumb

Moving Range

0010 —

0005 —

0.000

0.007
0.006
0.005
0.004
0.003
0.002
0.001
0.000

Includes all weeks even when trailer hubs made

Warranty Claim Proportion by Year/Week

A M\M /\N\M\M A

UCL=0.006055

Mear=0.001675

LCL=-2,7E-03

T | I | T I | | |
0 10 20 30 40 50 60 70 B0

195832 195842 199802 190809 189919 190920 199939 199549

1 1 1 1 l | 1 1 1

890

N O A I

LMIJ\\/W W»M

LICL=0.005381

R=0.001647

LCL=0
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Includes all weeks even when trailer hubs made

Warranty Claim Proportion by Year/Week
Controi Limits Calculated Omitiing
Weeks 199832 - 199839

0.010 —
0 1
=3
g h
2 0.005 — - UCL=0.005124
@ |
2 | A\ Mean=0.001369
E 0.000 —
- : LCL=-2.4E-03
| T | | T I I 3 | []
Subgroup 0 10 20 30 40 50 60 70 80 20
Yoor'W oakdb enh 199832 199842 199852 192900 199919 1995920 1958939 190549
um? b 1 1 L ] | 1 ] L [
o 0008 — ﬂ
e 0005 — 4 UCL=0.004613
& 0.004 —
E‘.l 0.003 —
S 0002 — _
3 001 — A A‘m W\_ R=0.001412
0000 — LCL=0
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includes all weeks even when trailer hubs made
Analysis of Warranty by Hub Production Date 6/26/02

Claims By Calendar Date
Wamning - Data includes SKF analyzed with hub production date
Excludes all gther data. Selection bias possible.

10 —
@
3
©
- 5 —
®
3
o
=
O
=
UCL=1.196
0 - Mean=0.2655
LCL=-0.6652
I [ | |
Subgroup 3 500 1000 1500
ByVar1 5/M14/1999 97252000 2712002
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Response [asuec R-Sate Senl yield from Bethishem

% Makn Documant .
Responss to: [ Statsticat Evaluations
Mick P Morrowi AMER/SKE .

O7HE 11:31 AM GCategory: Statistics

i_-x"‘ Rick P Mamow
07Me2002 11:08 AM

To; Rebart J Bondy/DET/SHFESKF

o Jusrgan Schulhein/ECH/SKFGEKF, Christophe Jonaw/AMER/EKFESKF, Band
Stephan/SCHSKFESKF, Wiliam J Farmel/ELGSKF@ISKF, Auralo Nervo' VLWSKFERSIF, Richard W
FrettELQ/SKFEGBKF, Edward & Coltar AMER'SKFQEKF, Bruca Weaka/ AMER/SKFQISKF, Michasl D
Lewla/CET/SKF BSKF

Sublact  Re: potificatien to the customer of R-safe defact rate- [

Tha potential faliure rate of hubs in the future s what you ere seking, | bellave for Chuck, Given that water
Ingrass is 8 facter and expeaure to water s required for the mafority of tha hub fadures, 2% mey be
regsonable. If the probabdity of fallure of the R-Safe Bathisham hub is no worsa in tha sanier lois than tha
Iots we sempled, the failure rate in no greater than the totsl waranty raturn rate.

However, we should clarify that the yield on the R-Safe asal iy difersnt then the 2% agceonding o Elgin's
atudy of the Eathishem soal.

Heara is why. Howsver, the sesly thermssiwes show # higher fallure rate than the 2% mentionsd. Tha
doefective sapk fromn Bathlaham and sulficlant water prior ta salf-hagling | cowld not reprocucs tha 2%
number. | belleve Bob's mantion of a 50 piece sample below was Hans Kirch's small sample of 60 seals of
unknawn origin having 1 defect.

Dan Nowak, Enginsering Manager at Elgin, and | satimate 12% for potentisl functional defects with warier
axposure early In the ifte of the saal {(Bob's comment on seif-hesllng B & very factual gnd mporiant
addion to eny staternent on potorilal feilure rete.) | alao recamenend that wa menton other faciors must
be prasent to raault in fadure. The numbar one faofor le probably eufficlent water expadure prior i
sei-healing. '

Again - no ane hag beon abie io provide samples form sarfar Bethlahem lote {o prolect probabliity of
fallure from all Bathisham production. Self-healing of the defacis we have sasn, luckily, have probably
occumed by now on those seale.

Our study iz balow. Plaasa call ma for any clarifleetion or support.

Riek P Momow
‘f? OFION/2002 08:58 AM

Ta: Michoal D Lewis DETSKFESKF, Willlam J FamlELVSKFQSKF, David M Elmma/EL G/EKFISKF
(- Richard W FrettELC/SRFIPSKF

SKF 002085



Subject: Probablity of R-Safe falurea in the fisld. Follow-up to ths "2%" Anding.

As you can read below, | would like to aasiat ua in answering Chuck Smith's questions on tha R-Safa
Bathleham saals In a timaly manner, He specifically aekad me jo ansura SKF Is teling him the number of
R-Safs saals from Bathleham that may cause problama. The baat astimats Don Newak and | have is 129%
from the sample from Bathishem that Ekgin recaived. This is & highar number than what Hans end
Juergan heva suggested. | stato that #ls may not represent the population of seals because wa have nat
recalved samples acrces ail production lots.

Tha other guastion you all know |z when will SKF validate the root causas of the hub units? | sant my
suggestions aarllar.

What can | do to suppart ua with Chuck? | wikl be avedlable tn discuss how Chuck may nenct to thia Info on
the R-Safe and what wa can do to mitigata lasuss,

—_ e Faremrded by Rick & Momow/AMERSSHF on O7H0V2002 CA:43 AM

Rick P Momow
Q7/0552002 11:03 AM

To: Juangen Echulihe ' SCHEKFSKF
oo )

Subject Probability of RsSafe falurms In the fleld. Follow-up ta the "2%" finding.

Jusrgan, | i Afrald dhat Clees is out snd yau Aesd this atast info now. | hiva not gent thig i Aurelio or o
Hans.

Pleasa cantact ma 8o we can discuss.

Thanks.

Foreanied by Rick P Mommw/AMERSKE an (7082000 10:58 AM

4 Rick P Momow
07/03/2002 0BA7 AM

T Clans Rehmbarg/ GHOGOTAKFRSKF
oo Riohwrd W FrettELOVEKF @IBKF

Subject Probabiity of R-Safe faflures In the fiafd. Follow-up tn the "2%" finding. [

Tha & sample that Aurello has wee from the 100 piece random from the knewn bad 428 sample of the 528
population samphe from the 4,000 Bethlehem Inventory. 3 of the 100 samples were later eéminated from

tha survay hecausa they may have baen damaged during tha sampling.

SKF 002050



Thezofors, these seals ware considerad defaclive and Aurelio wes to repreducs that finding of reject.

Tha graatar percentage of faluras evikienced from tha laakiast are from the cut primery lip 2ause.
If the isaktest best reproduces the impacl on the truck performance, then cut lip alene 18 sufficiant to
caupe Ingress of gir and preaumably water,

25 of §7 seals from the Bathlasham sample ndied above fallad laak teat.

B of these had both axial and primary !ip functional dafacts.

4 swals had only axiel lip defects.

21 of thwe 25 had the cut Iip defect (Note thet thess may aleo ba Included In tha B with both lip defacts).

I the watar Ingrass fallure made I3 of majr concem, then this mods is only expectad for the 4 + B asala
with tha exiad lip fallre. Having only a priméary lip faiure would not be expected to result in the watar
ingress failure in the fleld when the axial iip ls not defective. Thie suggasis the more probabie root cause
of water Ingress s an axiel and/or axial and primary lip defact. The probabillly is T2/57 = 12.4%.

We stil can not ba confidant of this probability acroes all Bathiehem production because we only sample
orre [of producad by Bathlahem and the axial lip defects coulkd be set-up dapendeni, aperator dependent
and other non-randsm dependent.

Tha laektast flllz the cavity betwesn the axial and pAimary lip area. This ia the beat known method b
raproduce § ssuling fallure. Tha MSA has provsn lsakinst & capable inowing that ssversly doefective saalks
regult in discrimination Bxuss within n MSA of this type. | is not known if sl Inakisst failures would 100%
rasuli in: fiald fallures. Again, i Iz the bast reproduction known and I used by seal manufaciurers and
cusiomar in a variaty of mpplicatans.

Robert J Bondy

Rbert J Bandy
0782002 10:29 AM

To: Juagen SchulthelaSCHEKFESKF, Chrisiopher Jones! AMER/SKPQENF, Rick P
Mormow/AMER/SHE , Bemd Siephan/SCHSKFESEKF, Wilam J FarmELGISKF, Aumllo
MNarvo/\VLN/E . Richand W FrattELG/SKFDERF, Edwerd F Cola/ AMER/SKFQISIKF

co: Bruce Woaka/AMER/SKF@SKF, Michaal O LewaDET/SKFSKE

Subject notification to the customer of R-safe defect rale,

Gentemen

Chuck Smith wants an answer to the R-aafe apill raie from Bathisham.

Unless atherwise instnucted thie is what Fm going to tsl Mr. Smith

Qur sptimate of e sxposurs ride [ 2% medmum that leaked into Iha.n Peid. We conductad tweo

dapandent svaluabisns on samples of 50 and faund 1 pleca In sach sample wih e two ip dsfeci.
“Becausa of the saif healing properties of the asal wa axpect the number of falkras related 1o tha seal to

ba leas than 2%. The total populetion i §3003 seals which means we sxpect a maximum of 2000 hubs
to fai sary. .
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W propose that we increase ingpactions on these lema to svary 50,000 mbea per TP0251. Southwast
ratearch |=s indicating that we will ba able to detect these failures.

Bakb

Forwardad by Robart J BandwDET/SKF on O0T/18/2002 1104 AM

i} Chatos. Smithil ArvinMeritor.com on 47T TI2002 10:42:58 AN
-y

To: Robert J_Bondyiakf com
[+ Thomas. SankogpArvinMaerior.com, Dale.BalkEAninMartior.com

Subject: Data

B

FFBE1 Dutabass Analyais, cs.

Bob

Actachad are the moar recent charte for Alken Fallurse. Workehamt ons
{chartd in thif shest) and twe are up to date through vedtarday, the rest
have not besn updated. :

The charts show a @erlove increase in R-Safe geal failuraa. Based on
implementation date for this seal and Aikan production datas, it appears
that the fallures begin with the implementation date of the seal. This
ixiicatas that the degradaticn of the seal molding tool had little to do
with the fallure woda, as tha fallures bagan with the firept production run.
Hote oo the rate chart that the worst R-pafe rate is approaching tha worst
period in May 199% for axial slearanca failures, and ths data indicatss that
these fallureq are all low mil=age.

I met impress on you that ArvinMeritor neade to know the sxposura that this
dafect will give ua basad on the sacceptance critaria used at ©R Bethlehem.
WHe na=sd toc lkoow the sgtimatsd apill rate, Wa nesd it npow, more delays can
not be tolerated,

Chuck
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««PF5B1 Databume Analymis, cla.xle»=
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Response |s..:

o Muin Dogument
Raapones to;
Rlck P Momow AMERBKF
O7rE2 1204 PM Q,.Hpr’:

R Swofs Laghtest MBA
tl Statisticad Evaiuations

Btatiaticg

&

THUR

Safe MSA ppr
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Gage RER for Leak Test R-8afe Elgin

Results for: Workshoet &
Atiribute Gage R&R Study

Attribute Gage R&R Study for Data
Date of atudy: 1/16/02

Reported by: D. Nowak

Name of product: R Safe

Miec:

Within Appralser

Appeaement Agreement

Appraiser # Inspected { Matched Percent %) -95.0% CIL
Don 8 8 100.0 ( 68.B, 100.0)
Karen a8 g 100.0 { 6€8.8, 100.0)

# Matched: Appraiser agrees with him/herself acrosa trials.
Between Appraisers
Assegsment Agreement
# Inspected # Matched Percent (%) 95.0% CI
8 a 100.0 { 68.8, 100.D)

# Matched: All appralsers' asseasments agree with each other.
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ReSPONSE@ [subjct  ° THU Proportion of cisime Ve Alken Production Date

to Maln Docusmant .
Responss to; [ Statistical Evaluations
Rick P MorTow/AMER/BKF ,
10/0% 0205 AM Cavgory: Statistics

+

]

Smesr THURM Oct 2002 and 8 27.f
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THU Steer Analysis
10/8/02
Includes June 2002 analysis

Warranty Problems from 6/1/98 —
12/31/99

Data Sources
Aiken production quantities by type of hub by month

Warranty info refreshed 10/02 by Bob Bondy, Mike Lewis and
others against

Aiken Hub Production Date
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Hypotheses

1. Null H :There are no significantly higher proportions of
warranty problems by Aiken Hub production date..
Specifically highlighting July — Sept. 1998 and April,
May 1999

H,: There are significantly higher proportions

This study again confirmed reason to reject the null. These dates correlate with higher
proportions of claims than other dates before and after.

1. Null H_: The mean miles to failure is independent of
date of hub production

H,:The mean miles to failure is not independent of date of
hub production
This study again confirmed reason to reject the null. The mean miles to failure correlate with

these suspect dates Vs dates before. Control Group included only dates before the
Suspect Group due to probability immaturity would eventually show lower Mean

miles to failure.
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Count

Defect G Sefmins

Count
Percent
Cum %

Count of Claims by Year and Month

L 100
- 80
_60 5
e
1))
- 40 O
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-0
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W @1@%@@@@&&

1&50423?3!31292&222113108B??TEES520
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Conclusion:

Reject null and
accept alternative
that there are weeks

P Chart Proportion Claims
Against Hub Production Qty
for Aiken Production Year Month
0.010 — April-May [|9b9
August 1998

S

=

a

o

o

Subgroup

Yoar von

|
0 10

of significantly
higher proportions of
claims evidenced by
proportions beyond
upper contro! limits.

UCL=0.004549
P=0.002971

LCL=0.001292

et Gl Dy
e ._;.;'T—ﬁ-‘
gum_ 7\/! "ilii ; Lot eEN
: M5 Ay o
AR




0.04

0.03

0.02

Proportion

0.01

0.00

Subgroup

¥r Monih Week:.

P Chart Proportion of Claims
Against Hub Production Qty for

Aiken Production Year Month Wee

May 1999
Week 19

1998 August  April 1099 |
Week 17

ek 32

40 50 60 70

1906071 1ER104) 1981262

0 10 20 30

A 1SEIT IREED 10890%31

kr

Conclusion:

Reject null and accept
alternative that there
are weeks of
significantly higher
proportions of claims
evidenced by
proportions beyond
upper control limits.

UCL=0.006941

P=0.002971
LCL=0
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0.06
0.05
0.04

0.03

Proportion

0.02

0.01

0.00

Subgroup

Aden Pr

P Chart Proportion Claims
Against Hub Production Qty
for Aiken Production Day

May 3,1999

p 4

April 20,1999

Conclusion:

Reject null and
accept alternative
that there are weeks
of significantly
higher proportiens of
claims evidenced by
proportions beyond
upper control limits,

UCL=0.01166

P=0.002971
CL=0

|
300

10726/1809
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MILES

~ Mean Time To Failure

soyl@naiileantly. o

(means are indicated by solid circles)

1000000 —
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Null Hypothesis: Mean Miles to Fatlure
independent of Days of April 20-22 and May3-7
of 1999 than all other Dates Prior to April,1999

One-way ANOVA: MILES versus Group  P<.05, therefore reject Null. Mean Miles to Failure
are not independent of periods. April and May of
Analysis of Variance for MILES 1999 has lower mean miles to failure than dates prior.

Source DF 85 MS F P
Group 1 2.735E+11 2.735E+11 13.69 0.000 :

Error 301 6.014E+12 1.998E+10
Total 302 £.288E+12
Individual 95% CIes For Mean
Based on Pooled StDhev
Levei N Mean Stbev ------- e itk EE LR R 4mmmmm—m—

Control 188 428466 150486 (mmmemm kool )
Suspect 115 366553 124928  (---—--- oo - | '

------- T RPN
Pholed StDev = 141351 360000 390000 420000

Suspect = April 20-22 — May 3- 7, 1999 SKE 002110




Frégusncy

Histogram of the Residuals
{mapones s MILEE)

Restdual
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Analysis 10/8/02

. Réj ect the Null Hypotheses and Accept
Alternatives. Therefore, proportion of claims 18
not independent © on date.

¢ Aiken producti
» Confirms April 20,1999,

May 3,1999 and other
dates within these weeks had significantly higher
proportions in claims

than other periods.
« Thisisa cotrelation only with this data —does not
mean causation
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u Chart Count of Claims Vs Monthly Production
Steer Claims Only

0.0002 — &m"ge,. 1998

UCL=1.45E-04
0.0001 — _
U=8.35E-05
LCL=2.22E-05

arch - May 1999

Sample Count

0.0000 —
| » T
Subgroup 0 10 20
| Hub Pmductmn Dates 199903

® “Issue Date of ARM Engineering Deviation Request
Correlation study of hubcaps under deviation with high warranty periods

® Issue date of Hub & Stud Assy ARM EDR
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u Chart Count of Claims Vs Monthly Production

Steer Claims Only
® March 1999
00002 | Septerfer 1908 ©
€ QA UCL=1.45E-04
o
O
O 00001 — _
e : U=8.35E-05
L)
S |
LCL=2.22E-05
0.0000 — \l |
| | { 1
_ Subgrowp 0 10 20
| Hub Pru_d_l_mtinn Dates] 199903

~ @ Tssie Date of ARM Engineering Deviation Request minus one month.

Correlation study of hubcaps under deviation with high warranty periods
® TIssue date of Hub & Stud Assy ARM EDR minus one month
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u Chart Count of Claims Vs Monthly Production

March - 1909
0.0002 Saptemger 1998
5 A UCL=1.45E-04
o] -
Q
£ 00001 — _
£ U=8.35E-05
14
75
LCL=2.22E-05
0.0000 —
| | 1 I
Subgroup 0 10 20
Byvar3 199903
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u Chart Count of Claims Vs Monthly Production

® March @y 1999
0.0002 — sanger 1908 ©
E @A . UCL=1.45E-04
2 0.0001 _
£ U=8.35E-05
oy
N
LCL=2.22E-05
0.0000 — \
| I [
Subgroup  © 10 20

ByVar3 199903
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Analysis 6/27/02

Mike Lewis requested analysis of Chuck Smith's suggestions that “Aiker™ had several periods of
high fsilure. In addition, Chuck and Mike have requested help in determining hubs to retricve from
high warranty production petiods. These answers are possible if someone can identify hubs within
yehicle. ,

Duane Gipe months ago identified several time periods that had a higher proportion of claims

This study supports both analysts using the hub production date from the SKF analyzed returns
database of only those claims when production date 15 listed. Therefore, there may be a selection
bias. The Null hypothesis Hol is rejected.

One or more partics (ARM, Aiken and Luechow) experienced abnormal variation during several
weeks.

I added the comments, root cause from SKF work and whether the claim was validated to suppoit
decisions on true root canse.

Other hypotheses were tested and included. Sunday has a higher proportion of claims, for instance.
Axial clearance hypothesis requires data on gage maintenance. |

Six Sigma analysis includes SPC and hypothesis testing. Further analysis is possible when data is
available.

FMEA is again recommended to direct root cause analysis
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Chuck believes Aiken produced hubs went through two and maybe three periods of
higher than normal failure rates. Julian dates 12098 -27398, 1 1099 - 14099 and
possibly Aug and Sep 1999.

His hypothesis is an axial clearance gage cycled into a wear pattern after
recalibrating. This gage was eventually permanently corrected and the higher than
normal failure rates ceased. He believes this permanent correction occurred in
November.

He described a peak and valley cycle in the axial clearance.

Null Hypotheses

Hol: No time periods correlate with
significantly higher warranty claims Vs
Production Quantities

Ho2: Axial clearance gage performance
does not affect proportion of claims

BKF 002118




Data Concerns/Notes

_Selection bias may be present because claims missing build dates were excluded.

I have received no process measurement data 1o asgist in identifying variation in Aiken.

Several claims were posted against hub build dates that showed zero production. Several
analyses were run and this error was insignificant.

Immature data for periods after these studied duc to Mean Time to Failure
Luechow hubs are included in one high proportion tisne period

Databases used were Aiken production quantities by day, the SKF analyzed retums database
and the ARM database of 2,200 claims.

Claims were also shown for hub build dates that were identified as producing only trailer hubs.
No data is available from suppliers that may be tested for variation and correlation with claims,

SKF 002119




Duane Gipe’s original chart

Claims Vs Produced
Limits Based on Dates Up To 19810
0.04 —
0.03 — UCL=0.03155
|
§=.
E 002 - _
< P=0.01754
L
a
0.01 —
LCL=0.003526
0.00 —
| I | | i |
Subgroup O 10 20 30 40 50
Year Mon 199807 199905 200003 200101 200119
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Analysis Begins .6/27/02

u Chart Count of Claims Vs Monthly Production

Steer Claims Only
March - May 1999
0.0002 4 sgoptember 1998
- A
8
L 00001 —
(=3
£
(44}
(V)
0.0000 — \!
| |
Subgroup © 10
ByVar3 199903

UCL=1.45E-04
U=8.35E-05

LCL=2.22E-05
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Individual Value

Warranty Claim Proportion by Year/Week

Steer Hubs Only ~ Weeks 1998 39, 1999 17, 1999 19

0.010
0005

0.000 —

See Detail Following Slides

JENTTVALINI

Subgrowpy

Moving Range

T I | T | T |
10 20 30 40 50 60 70

100834 199018 199041 190051

06068 —
0,005 —
0.004 —
0.003 —
0.002 —
0.001 —
0.000 —

Wi g

UCL=0.006422

Mean=0.001781

LCL=-2.9E-03

LICL=0.005702

R=0.001745

LCL=0
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Warranty Claim Proportion by Day Steer Only -
Note some warranty on dates showing zero steer

produced. Changeover to Steer Mentioned and Next
0.05 ——to Highest count v A antv-date (4/20

L
S o004 — - -
o 4/19 4 claims at changeover pnly 67 produced.
= 00 ' 4/20 had 9 clai
S po2 - 8/27/98 claims
T 21 L
= 001 — e g 1 A 1,18 .. UCL=0.068084
o EiRs '!M"'!H“'““F“ﬂ!’" : Mear=0.001756
£ 000 — : WD BET ' | | Cl=45E03
001 —— T T T ! j 7
Subgroup O 100 200 300 400 500 600
YrWeek 199637 199851 199914 199628 199943
| | | | 1 ! 1
1
@ 003 —
T
& 002 —
o 1
£ 001 - - |
3 UCL=0.007724
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Steer Production Dates Only
Warranty Claims by Day

10 —

@

=

1]

-

B 0

=3

:E UCL=2.042

‘E: 0 — Mean=0.6955

- LCL=1.551

I | [ T g T B
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0 — ; — LCL=0
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Day 8/27/98

BTF-0052 | ©016248 | 06727798 | 3 | 1968 [AWen [Frinr__ [Ryder CWADITSS
BIF0082 [ 016430 | 06/Z7/98 | 3 | 1998 |ARen |Frinr  |Ryder CWADOT54
BIF-0045 | 0015726 | 00/21/96 | & | 1008 |Luechow [Frinr  |Ryder 516273
BIFO04% | 0015966 | 08/27/88 | 3 | 1996 [Luechow [Frir  |Ryder 318277
Noisa in bearing __ |NOBENVBRATION __ [1FUYDOYBOXA7URTS 498210]  500000[IB SEAL LEAK - INGRESH
baatings were lailod[BEARING FALLRE __ (1FUYDDYB3NA70908 351267]  400000|IMPACT DAMAGE
NG NFQ_ 1FUYDOYE4AXAT0S 17 369087 400000|IMFACT DAMAGE
NO TNFO 1FUY DOYBEXLAT0921 418370]  450000|WATER INTRUSION ALON

B hquruhrc_mltm. brg cir 0.12%

Valid

Llneupﬂlnqufﬂﬂﬂbndndz:!u _ irmelid
Rec'd dissem, OB row G, B row line spalls at rofler spacing imaalld
Endplay 0.000", jedcy rotetion, OB mw meld delkris, B row VG, B asal Irrvalid
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Week 39 1998

Day of Total Propaoriion
Week 3rd 1st 2nd Daily of Claims
Sunday t No Steer * * 63 180 223  04484%
Monday 4 No Steer * 36 91 80 207 1.9324%
Tuesday 1NoStar* 0 0120 120 0.8333%
Waednesday 1 No Skeer * 138 174 78 386 02681%
Thursday 3 No Stear * 120 94 122 345 0.8096%
Friday 2HNo SBiger * 176 7 B84 267 0.7491%
Sahsday 3No Sigar * B0 72 89 257  1.16873%
Sunday 3 No Skeer ** ¢ 0 g~
0022510 : ~. Film  |Ryder - Ashland City 0031458
| 0022621 | 02198 | 3 | 1958 [Aken Ryder Uik 329665
0022822 0921/88 | 3 | 1088 |Aiken [Ryder Unit 329660
| o296 | 3 | 1998 |Luechow [Friir " [Mox Tikg CHEDB413 172
001087 | 021788 | 3 | 1996 |tuschew |Friir __[Mox Trkg CHEOB4ST
0023434 | 0V22/96 | 3 | 1998 |Luechow [Frilrr  [Mow Tikg CHEQB413 272
00Z4551 | OGWZ¥/B8 | 3 | 1086 |Aiken |Nmstar |Andrews Trucking — D0BB168A
D0Z7Z34 | 09724796 | 3 | 1898 |Alken |Fronr  [Mike Newsome HLFDOOGIE456T
Q074343 | 0B/24/08 | 3 | 1998 |Aien |Navsiar |Viaion Transp. 0891564
MZZ2432 | 0924/96 | 3 | 1988 [Lwechow [Nenistar |GAP Trucking 00418740
V240M | D258 | 3 | 1988 |Aken |Frinr __|iwerstate DWFDODOTFZ34T
V023518 | 00/25/98 | 3 | 1998 [Alken Ryer Unit 320654
0024707 | 02698 | 3 | 1988 JAiken  |Frlinr EA703110 172
0024841 | 0526/ | 3 [ 1988 |Alken  [Frinr E1703110 212
0024231 | 0426/06 | 3 | 1988 |Akam [Ryder Unk 326670 22|
0024453 | OV27/6 | 3 | 1968 |Aikan Rydier Unit 329664
0024430 | 092708 | 3 | 1958 [Aken Ryder Unit 325665
0024434 | 00727798 | 3 | 106 |Aiken Ryder Unit 320670 172
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9/20 — 9/27/98 Week 199839
continued

-\__I

300000[8 SEAL LEAK - INGRESS

5600 nlsa:mmn

o NG PFROBGLEM FG 1

L mmm.EMme

LEAK [ PHEFMAHFORCTZST3 1unun1 Q00008 SEAL LEAK - EGREST
Binds £ xficks B TICK e a0 08| 460000 | LIKNOWN
NO INFO _m BEM2 3O00R SEAL LEAK - ROGEESS
RIPCGZE SN A 2020 %3 mFmaLEHme
Lagkcy EAK TFUPCEZE DILA 128010 WAL 005 PROBLEM FO
NG INFD ] ,rmLLE"._
NG INFO BOBAE Q2780  ASDO00G(B SEAL LEAK - INGRESH
NO INFO ALHE0T]  IS0000(KF SEAL LEAK - NGRESY
NO INFO SRR ruu'lf_‘-r:ﬂﬂd'm"'t :f'-T
ENRpE ||u-_ TS 10 UK RvY, 10 seal dust ip wom out Valid
Endplay .020°, Noisy, Gﬂw-—zng,ninpuwun IB cage mettedvalld
. | € nc phary 0.000%, mmooth mtalion, yery clean sa9ls, appenrs to be comoaiodValld
High Occurrences 9/17/98 also | Encipkay 00007, smooth quiet rotetion, 15 & OB brg 1ows VG, 16 seal func|imaiid
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Endplay 0.000", smooth quiet rotation, IB&CBEEMVE B seal hunc

imafid

Endplay 0.000°, smocth quiet fotation, OB row VG, 1B OR RW singia line |Valid
IEF 0.000°, smooth rotaion, no miemal distress, very little extra gmmem WValid
nﬂamuga—wg,amr.mnnm' Bmooth quist mistion irveaiid
Endplay 0.0007, smooth ¢uiet roiation, Gﬂmn-czug,ﬂﬂng rwalid
[Filb OD covertd in grease and dir, _ —_ |Vaid
B row 56260, OB heal damaged - mefted cage & busd, 18 o ehdE p{NCoNCRENG
[Encplay 000", rotation stiff, no noie, OB R spall mutti koe. around ring, [Valld
Endplay 0.0007, smooth motation, no imtarss disirees{Tray Lab determinati{invelid

Endplay 0.000%, smocth rolation, 15 OR apall multi koc., appean 10 be cor

Endplay 0.000°, ampoth rolation, 1o intemal distess(Troy Leb determinati ki

Valid

|Rec'd disgen., OB W spell, B seepage —2.0 g, 5 OR W spall Une 360

W akid

|Endplay 0.000F, smocth rotslion, comesion in OB row, OB geopage -2 Oy

Wald

Rec'd disass., IB 1R migsing, I8 OR RW spall multi foc., appears fo be co{vaiid




4/18/99 — 4/24/99 Con

Waak 17 1999 '
Changeov
Monday 4191999 erio Steer 3No Steer* 0 0 87 B7 44776%
Tuesday 4201999 8 No Steer * 230 285 282 788 1.1307%
Wadnesday 4/211999 9 No Sieer * 340 275 294 909 0.5501%
Thursday 42211908 2 No Steer * 320 296 180 796 0.2513%
Friday 42311688 1 No Stear * 200 134 210 544 0.1838%
Saturday 4241509 0 No Sieor** * . o*
BIF-O052 | (26313 | OB | 2 | 1999 [Alken  |Navelar |Tvucks Inc. ofJa C\WADS206
BYF-0052 | 121704 | O4/19/89 | 2 | 1900 |[Alken  (Novslar [WalMar Unit 210689
0121945 | O848 | 2@ | 1999 |Aiken |Novstar |WaiMer Unit 9711

D052 | 0122648 | G4/20/00 | 2 | 1009 [ANen  |[Frinr  [Fyder E17240208
BTF-0052 | 0127740 | O«20098 | 2 | 1099 [Awken  |Erinr  [KLLM E1744B1%
BIF-0062 | 0121708 | 0420098 | 2 | 1889 |Alken |Nawstar [WelMer Unit 91058
BTF-0032 | ©iZ2052 | G4720/08 | 2 | 1999 |Mken  |Wolw  |FIFMcor Expross CIWADTT57
BTF-0052 | 0124402 | 04720098 2 | 1999 [Aiken Ryder Ryder Uril # 337207
BIFO0G2 | M121020 | OM20/98 | 2 | 1989 JLuechow [Frinr BPFDOODIATSBZT |
BTF-0052 | 0122132 | 0420008 | 2 | 1990 |Aken  |Nadsior [Waiai WMTST402 272
BIF-0052 | 012110 | 0420088 [ 2 | 1899 |Alken [Nawsiar |WolMar WMTS 1482 972
BIF0052 | 0122124 | OU20M8 | 2 | 1990 |Aken  |[Nmister |[WalNiai WM B1508
BTF-D052 122833] o42v9B| 2| 1000fA: ‘Iﬁunr Heartland Exprees  |E1EB2185
BIF0052 | 0122545 | O421A% | 2 | 1989 Fm!mn! Friir  [Heartiand Express E1720710
BTF0052 | 0122935 | 0421499 | 2 | 1800 |Alken |Frihw  [Ryder 348806
[ETF-0052 0123027 042108 2 10G[Aken | Ryeder 33623
BIF-0052 | 0122896 | DA29A8 | 2 | 1068 (Aken [Fvir - CWAGSEEE
BIF0052 | 0123651 | Odfz2e8 | 2 | 1999 [Alken [Movalar |WalMart Linit 91287
BTF-0052 | 0123372 | D4/32/h | 2 | 1000 |[Aken  [Nsoter |Fleol Pride Uil 3038
BIF-0052 | 0124025 | 042390 | 2 | 1985 {Aden \Rydar Unit 334748 33614
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- 4/18/99 — 4/24/99 Cont

NOSENBRATION ZHSCHASRIYCOs&278 27794D 8 SEAL LEAK - INGRESSValrt
NOSENBRATION | HEFMAMRAYCUZ29364 280250{ _ 300000[B SEAL LEAK - INGREGYValid
ENDPLAY/LOOSE ZHSFMAMRSYCO2S700 34p240]  350000JLOW CLAMP LOAD kvelid
IBINGISTICK AFUYSDYBXYLF368578 568523]  500000JUNKNOWN Inconclusne
LEAK - IFLYSZYBXYL 187534 S04B50]  380000[NO PRODLEM FOUND  [imeid
NOISE/VBRATION 2HSFMAMRXYC(20353 285151| __ 300000|¥8 SEAL LEAK - INGRESS|VAK
NOISE/NVBRATION 4vANDZUFBYNTBS380 356030]  A00000|MPACT DAMAGE (I

NO 10 B SEAL LEAK - INGRESSValid

NG INFO MO PROBLEM FOUND  |imslid
BEARNG FALURE 145540]  150KKG[IB SEAL LEAK - INGRESS{Vald
BEARING FALURE L MPACT DAMAGE Ivalid
BEARMNG FAILURE — 185308 1B SEAL LEAK - INGRESvaild
!umsewmmmw FLIYSDYBSYCAB3260 24p423] 260000{WATER INTRUSION ALON Imalid
LEAK FUYEDYBYLBS1576 311576]  350000|I8 SEAL LEAK - INGRESSVald

NO INFO 1FUVSDYE3YLF38a77 591544]  B000CO|IB SEAL LEAK - NGRESSVaiid

NO NFO AVAND1JF1YNTI3 198 615339]  650000|18 SEAL LEAK - INGRESS Valid
NCISEVIBRATICN 4VAND1UFSYNTE0433 351654]  400000(IB SEAL LEAK - NGRESH Valid
NOISE/VIBRATION 2HSFMAMRSYCOX216 260100]  300000[MPACT DAMAGE nnalld
BROKEN/SEPARATED HXC02308000M UNKNOWN conclusive
ND INFO 1FLIYDDY BOYPBAS7 13 525408|  550000|iB SEALLEAN -INGRESSVAd |
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Week 19 5/2/99 — 5/7/99

Waek 19 1994

Sunday 57211999 1No Steer * * ¢ 0"

Monday 531809 6 No Steer * &7 350 176 583 1.0202%
Tusaday 541009 8 No Steer * 259 264 217 740 1.0811%
Wedneaday 251999 5 Na Stear * 300 265 158 923 0.5417%
Thursday 5511089 7 No Steer * 302 280 289 amn 0.8037%
Friday 5711999 1 No Steer * 0 251 274 525  0.1905%
BIF-0052 | 0126693 | 050299 | 2 [ 1998 [Aden  {Frinr ~ E1748129 Valid
BIFH052 | 0126110 | OW0aas | 2 | 1999 [Adken jﬁﬂm BETED Iwelid
BTF-0052 128128] 05/0598] 2| 16G6[Adken  JFrir _ |Empire Thock Sales CWAOE549 LT
BIF-00G2 |~ 128021| O0wBa| 2]  169S[AMen  [Frikw E1741061 lh_n.uu
liﬁm 0128018 | Q60399 | 2 | 1999 |Adken  [Friwr E1692210 Valid
BYF-O062 | 0128480 | CHA5/90 | 2 | 1998 [AMen Mckarzie Tank Linas RO. 40442 Valid
BTF0052 128086] OW0Y9G| 2| 1990|Aken  |Frinr C WAD7458 Imalid
BTF-0052 126502 O0s0v23| 2| 1085|ARen  |Frim E16r4adn Imalid
BIF-0052 | 0129340 | 050498 | 2 | 1999 |AMan |Friey | TEm MahardiCR B E 1525550 Valid
(BTF-D052 126B49] 050408 2| 1900[AWen Frinr  |Zuran Petra E1752443 ivalid
BTF-0052 120277 O504m8) 2| 1ouR|Aken Martin Lipe 881012)0PEN
BTF-0052 | 0170218 | OAM4/MA | 2 | 1889 |Aan IMack  |Tom Galay Motors CWAD4353 OTHER
ETF-0052 A E _z"_1m'|m_ Friinr _ |Roshl Tranaport AGTS30 VET
BIFO062 | 128691| O&/04/98 2| 1090|Adken |Friinr  |Roehl Transport CWADTE3D Imliq
BTF0052 | 0129180 | 050499 | 2 | 1999 |Aken KLLM Wconclusive
’__urF.um 0130080 | O505%0 | 2 | 1960 |[Aken  |Frinr E1885451 il
BIF-0032 | 004330 | 060609 | 2 | 1999 [Luechow |Frinr NSFOOMHE 43T 172 [imaiid
BTF-0052 120813] 050500 2| _1990[Alken  |Friinr  |Bar None E1680062 Vahd
BTF0052 | 0129943 | O5/06/00 | 2 | 1990 [Aiken |[Friiw  |Mew Prime E1750047 |[Vakd
BTF0052 | 0129657 | 050598 | 2 | 1690 |Alken  |Nendatar |dames Lifkm D013495A i
BTF-D052 | 0120016 | O5/06/98 | 2 | 1980 |Alken [Friinr E 1882211 ndic
BTF-0052 | 0130092 | 050609 | 2 ( 1990 (Alken  [Plri CWAD5981 Inconclushe
BIF-0D52 | 0130507 | OS0&/@5 | 2 | 1999 |Alken |Nenistar [Hezmat Emionment CCUD0S71 Vahd
BIF-0052 | (191322 | O06/83 | 2 | 1950 [Alken |Nawetar 00422058 Vakd
BIF-0048 130922{ 05:06/88] 2{ 195G|Aiken |Frtinr o E1688133 [Vakd
BIF.0052 130062 OS06@S| 2| 198p[Aken  |Friny _ |Harit Singh [E17565522 Vakd
BIF-0052 | 0131015 | OWOGAS | 2 | 1999 [Akan [FAir | JCSE Transp BNFDODOTMEBTT | Inalic
BTF-0052 131250]  O5G7/B9] 2| 1986)Aken  |Finr E1752364 Vahd
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Week 19 5/2/99 —5/7/99

NG WFO , Valid
_ NO INFO FUPCSZBYLABSTEZ 273085 300000[MPACT DAMAGE ____ [Wwalkd
\Beorng fallure BEARING FALURE FUYDSZBSYLIB0AZ | 365007 400000 SEAL LEAK - INGRESS vald
Chater, noisy, vbmiion  |NDISEVIBRATION  [FUYSXYBOYLBA0034 36362  ADDDOD[TAMPEFRING Trvalid
Cormoded 5 rust CORRUSIONRUST __ |WFUYSXYB7YLB400E: 270902 I8 SEAL LEAK - NGRESH Valid
Noise and vibration in irort |NOISEAVIBRATION MTAAIZYEYW 123090 200797  250000[#8 SEAL LEAK - INGRESSVaild
NO INFO UNKNOWH ivalld
Hub bsaring binds & stic| BINIVG TICK, TFUYDOYBGYLBOE74E 181161 200000V WATER NTRUSICN ALON nvelid
IToo much playliaaking _ |ENDPLAY/LOGEE 1FUYSDYBEWPE17794 304315 350000{ UNHARDENED RW Valld
Hub bearing broken BROKEN/SEPARATED H1FUYS5ZB5YLAS2032 346050 350000]UNKNOWN velicl
Hub bearing noiay & mAMNOISE/VIBRATION TFUYSS2BXYLBBG102 460061 G0G000JOPEN OPEN
Seal feaking [LEAK — TM1AATBYXYW121463 259045 8000008 SEAL DAMAGED OTHER
Hub bsaring rough NOSSEAVIBRATION ZHSTMAHRSY 02040 284297 B SEAL LEAK - NGRESH Valid
Hub bearing rough NOISEABRATION 2HOFMAHRE Y C32039 264297 WATER INTRUSION ALON invalid
NO INFO UNKNOWN Wconclusie
[Broken BROKEN 1FIFCEZB5YPRE20TE B0EISE[  350000{LOW CLAMP LOAD I
[Binds & Sticka - Leaking |LEAK [IFLSYSTYBAXPA3 1251 331718 50000{NO PROBLEM FOUND__ [Wnvalid:
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[Front axie b loose LOOSE HUB TFUYSSZB1YLBS4020 308267 I8 SEAL LEAK - INGRESH| Valid
|Folsefir wesr NOWSENBRATION 2HSCNAERSYCOS3562 145715 1 NO PROBLEM FOUND [ imaiid
Binds & sbcke BINDISTICK — |FUYSOYBXYLAGH243 256767  300000|LOW CLAMP LOAD invelid
[Biopring fallure BEARNG FALURE 1PEDANAAYDS0M2Y 304478] — 350000| LINKNOWN nconciusie
Seal Loak EEAK - 2HSFHAMREYCOZ4047 11821 50000[R SEAL LEAK - EGRESS|Valkd
Wom WORN BEARNG/HUE ~ [2HSFTAERKYCO43108 166851]  200000[B SEAL LEAK - INGRESH Valld
i NO NFO_ I8 SEAL LEAK - INGRESH Valid
Front axle beering worn | WORN BEARING/HUB 403200] ™ 450000(iB SEAL LEAK - INGRESH valld
LS T oy BEARING FALURE _ _ 34B177]  350000[WATER INTRUSION imaid
Front axle, hab bearing nold NOISENVEIRATION 1FUYSSERIYLABD7Y! 30u528]  350000[1B SEAL LEAK - INGRESHVaild
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ResSponse |suye Proportion Ciaims Against Allen Prod Qty. 898 - 2001

to Main Document .
Responss to: [ Statintical Evsiuations
Rick P Momow/ ANMERSBHE .

10/11 12:50 AM Category: Stalstics

This is the addiional 2000 and 2001 production and Geim numbers to add to the garier analysis. This data
raproducos & maat daye the enalvais Som Asvin-keritor, Pask deys inglude May 3-7 end February dates in 2001/
Tha prepartions may Incrasss aa vahiclan age, aspecaly the Fetruary dawes.

Adcd thie analysis io the agrler analygls.

THW Stear Anglysin Oct 10 2002 Add i Earlle
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THU Steer Analysis
10/10/02
See file dated Oct 9 for earlier analysis

Includes 10/8/02 and June 2002 analyses
Arvin Meritor Charts Included

- Warranty Problems from 6/1/98 — 2001

Data Sources
Aiken production quantities by type of hub by meonth
Warranty info refreshed 10/02 by Bob Bondy, Mike Lewis and others against
Aiken Hub Production Date
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DAILY ' -

0 2.1%
a 4.5%
8 285%
P Chart Proportion Clain 2 e
i g 7w
[} r75
0.06 —! S P
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£ 002 —
0.01 —
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Claim values are the x’s. x’s above the red line are statistically higher than expected.
Immature data likely excludes future claims against year 2000 and other dates
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WEEKLY 1998 - 2001

P Chart Proportion Claims Weekly
Against Hub Production Qty
for Aiken Production

003 —|

UCL=0.006813

P=0.002114
LCL=0
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Proportion claims to net production. Source — Arvin Meritor

i SIF Aicen Faliurs Fols Bessd on Hub Jullan Dales

| |

%!H!E!EEH!HH HHHH!H!H PP

I JaMen DELE

l —. e e e e - Tk m e = m mmim = L AR W eEmmem  mmmm—— s = e

This chart combines data into half months. The peak periods agree with the analysns SKF did.
The peak days are noted in the SKF daily chart.




bject: Fallure rata by hub jultan dets (Chuck Smith data)
Res poONnNsSe |, ch
1o dain Dotument .
Responss to: [ Statistical Evaluations
Miohnel D Lawin/DET/EKF :
10415 05:26 PM Category: Statiatics
b 4

FF881 Database Anglyain, cls.
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Maosihves Eaatsambias, 1B W oul & spll, Sp0n on saiedle, badly dernagad, rool ciube

1L YE3 g 421485
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A YEB it wriad ol . 143083
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gTiA YEE P it & frwaciey: heabs 7RCS8 80 Bumed g knuchle baaring conos yeized 1o spimfla 180543

Wr2r YES Fag ulb & krwackie: huly i Bt ue; knucids bum us 184005
§TdT  YEE Sam to SKF-5/3302 425487
REC HUH, KNUCKLE AND DRLUA; KNUCKLE INNER AND GUTER EONES SERED
Wra? YEE TO BPINCLE; HUB AACKS BURNT LIF-&izw2 Basss2
BTEL YRS Sam ta SKF-3r2am2
REC, HUB, KHUCKLE, DAL SHOES: INNER AND CUTER CONES SEI2ED TO
orrL YER . APINOLE. HUB RACES BLUFNT UR-S 2300 © warmamy payment aopmiaad 35082

RELC. HUB, KNUCKLE, 2 BURNED UP AND BROMEN: HUB RACES aND HUB
CONES ARE SURNED UP: KNUCKLE BEARINGS SPINKING CH BEARING

oraa  YEE JOURMALS: HURN LP-SZAME 31301
' REC. ORUM. HUB. KNLICKLE AND G BARKE SHOE KUCKLE INNER AND
878A  YEB CAITER COMEE SEIZED TO SFINDLE. HUB RACES BIAM LIP 458000

REL HLE AND KNUCKLE ASSEMSLED; KNUCKLE INMER AND OUTER CONEE
SECED T0 SPIMNDLE HUE RACES BLRMN LR IMMER AND DUTER NUT AND

wT  YES . WASHER STORPED HUE FROM COMMNG OFF; BURN LI NOLAR CFF 2302 2raa0Z

wl A YE& Ganl bo SKF.5/2802 a1l
REC, BRUM AND KNUCKLE INNER AND OUTER BRG COMNES ARE BUFAMN LIF

M2T YES AN SELZTED TO 2PINDLE; MO HUB AETLANED; BURN LIPBOZ 247N
REC, HLE AND INNER AND OUTER CONES; HUB AND BEARING BURNT LUP; ;

3 A KBea2

wemEnty DEYITHTT Sppoved
REC HLB AND KNUCKLE, HUB STILL M BINDL E BRCAUSE INNER ANC
COUTER HUTS ARE 2TILL THREADED ON SMHDLE; BURNT LI - NEAR WHERL

8 A YE3 CFF=- FZZ02 ; WanTinty STt apsmvad ATATT

AL & YER Bam o SNE-STM0R Joayth

st YES Sont to JRF-GLIDZ 299143
REC AXLE WITH SUPHED UP IEARING SEZED T SMmDLE; AES HUB;

SAT A YES WHEEL A=A T2 Ll

18 AALE HEAVY BPALL NG AND DISCOLORATION DN LOAD ZONE: BRALLING

AND PITTING AND HEAVY EHECOLORATION ON LOAD ZOME. 1B ROLLERA

HEAVY DEEFAIL DENTING AND DISCOLORATICH DH LDAD ZONE, /B COME

AND RACE STTING WHERE ROLLERS MEET AACE, INBOAMD Ol SEAL
sl A vES LEAKACE W SET1EY
N BOARD SEAL ALLOWED WATEN INGRESE WHIGH N TURN CORRDOED THE
M-BOARD BEARING ANC CREATD CONTAM MATES; THESE CONTAMINANTS
HELPHD BREAK APART THE QUTEQAAD BEARNE; THE V8 RACE 1B
DAMAGED FROM THE RDLLERS TURANNG SI0EWAYS AND BLOCIING, THIS I
INCONCLLE 167925
FEC HUE DMLY HUIR RACKES BURN VRS0 +12T00

REG, HUR, KNUCKLE, NUTE AND 1 CONE MNER AND OUTEM HUT WHERE CUT

OFF IN OROER TO REMOWE HUB; 1 COME WaX SUT WITH A TORDH 1O

REMEVE FROM SPINCLE; HUB BURM LIP-5/Za0): | wammsnly paymenl Bppesved 1950
G w0 BRF-5/2002 112363
HP| RETURNED;, HUB CAP STILL ON HUB, BUT CENTER IS BLOWN OUT; DMLY

11 ALAT LOSE ROLLERS AETLHSNED; MU INNER CLOMNES:

REC HUE, XMUCKLE AND EPINDLE ANSEMELY WTTH U ANC- OB GONER 5T,
ATTACHAD; COMEES AND RUAWVCES ARE GLIRMED LP b

RAL HUE, KNUCKLE/SMNDLE ASASUE ¥, VB AND OVE CONES AND ROLLERY;
COMEE, ROLLERS AND RACES ALL ALRNED UP; ALGD RGC EIVED KINGPIN L]

BED A
0 A

3E

A

.3 A
1L

118 L

ARC., HUR YWATH LB AND OV RACES. REC KMNUKCLE AHD BRI MELE WiTH LB

AND O CONER. VS AND D CONBEA AND RACEE WERE ALL BURMNED UP A2g11a
'REC HUE ATTADHED TO SPINDL EAN LUK E ASNELELY WITH LB AND OUB

CONES AND RACES: GONEE AND RACER ARE BUJRNED \UF; ROLLERS FALL

QUT AND NOT REGEIVED. ) A3
REC HUB, SPINDLEMMUCKLE ABEEMELY, BRAKE EHOEE, AND BRAKE DR,

RACES ARE BURNED P ) -
AR KNUCKLESNDLE ASSEMALY WiTH URE AND O/ CONES S5iZ8D0 TO

EMRDLE; COMES ARE BURKED UP; HUB NCT REC 02T
REG HUR. BRAKE CRUM, BRAKE SHOES, KNLUCXL EMSPINDLE ANBENBLY YWTH

/A AND Qv COMNES AQ 3PINDLE AREEMBLY 143083
REC HUB AND KHUCKLE: HUB 8 AND OB RACES BURMED LIPKLUCKLE 8

AND 8 COMNES ARE BURNED AND SEZED TO BEPMDLE; BLIRM-I™

WARRANTY PAYMENT APPRIVED .1 L]
REC HUB, KNUCILE, SMNCLE AND DRUM DRLIM wWAS STILL ATTACHED TS

HLE: A SONE WAS CUT WITH TORMCH AND INSLUDEE (N SO0 HUN AaGEs

WERE GUmMED LIP. 172
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118 %
118 A
1180 A
118 A
1183 A,
118 A
114 A
1185 A
1188 A

7 4
1198 A

1108 &
127
2nA
1202 A

1203 &
1204 A

128 A

1304 &
1207 A

1204 A
1209 A
1210 A

12114

12124
1B

T4 A

1HBA
IRFT T

1217TA
1310 &

1219 A
12207

121 A
1227 A

g8 B0 @ 988 9 @
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E

YES

g2 28 § @

REC KNUCKLE ATTACHED TT3 A PAATIAL AXLE THAT HAD BEEMN CLUT OFF. &8
SPHDLE [£ ATTACHED T KNUCHLE WITH SEARIMND SONES ATTACHED TO
IT; WHEEL K5 OFF, TALK T SERYICE MAMAGER AND WAS MFORUED THAT
THEY LODKED FOR TWO HOUTS FOR HUIB AND WHEEL ASSEMBLY; BLURN.
LR, W

REC HUB AND KNLUICKLE, HUS AACES BURNED UP, KWUCKLE 18 CONE
BURNED LIP AND 381280 TO SFIMOLE. WARRANTY PAYMENT APPROVED
REC HUB, ROLLERS, AACED. AND CONEE. COMNES RACES AND ROLLERS ANE
ALL BURNET LiF :

REC HuB; HUB RACES BURMED LIF

REC ALA AND IR AND OvB CONES; CONES AND RACES BLUMNED UP

REC HUE ANC: COME HUB VB AND 8 SEAL RACES BURNED UP: BUFN-UP;
WARMANTY PAYMENT APFROVED

REC HUB CHLY: LB AND 08 RACES BURNED UP: BURN-LIF: WARRANTY
PAYMENT ARFROYED

REC HLUB AND LB AND Ov8 RACES,; RACER ARE BURNED UP.

REC HUEB, KNUCKLESEMOLE ASEEMBLY, BRAKE DAL, BAMKE SHOES.
KINGFIM, AND VH AND O CONES; VB AND O CONET AND RACES ARE
SLURNED UF

ARG HURB ATTACHED TQ KNLUCKLE SPINCLE AASENWEBLY; CONES. RACES AND
ROLLERS ARE ALL BLRMED P

REC HUB. KNUCKLEDPIMDLE AGIEMBELY, 18 AND O CONES; Ralss ahD
CONES BURNED L

REC AUS AND KMUCKLESRINDLE ASSELELE, U AND O COMES STILL ON
SMNDLE IN A BURNED UF CONDITICM, RACES (L AND OVB) BOTH BLURMED
uR,

NEC MNUCKFLEFHOLE ABSEMBLY YWTH LB AND OB DONES U
CONES Al BIUFNED LP

REC HUB, ROLLERS, AND BRAME EROES; RACES AND ROLLERS NURNED LP
REG HUE WITH OVB CONE. ROLLERS. AND STiLL ATTACHED; 1B RACE
BURNED P

REC HLB, ADLLERS, RACES, AND CONES; CONES AND RACES BURKED UP;
ROLLERS ALS0 BURNED UP

REC HUB OMLY; HUB RACES BURKED UP

REC HUB WITH (v CONES, RCLLERS BTILL TOGETHER; LA RACE BLPNED
(1]

REC LR, BRAKE DALM, KHUCKLE AND SPINDLE ASSEMELY AND CONES;
CONEY ARE BURNED P ANTI STUCK T4 SPINDLE, RACES IN HUB ARE BOTH
BUFNED LP,

REC HUB, ROLLERS, RACES, AND COMER, RACES, RULLERS, AND COMEA
ARE ALY, BURNED LP

MAC HUE, 1E.AND OV CONES, BRAKE DAUN, AND BRAKE GHOES; VB AND 048
CONES AND RACES BURNED LI

MEC HUR ATTAGHED T0 §PINDLEMNUCKLE ASMEMBLY. CONES (VB AND O/B)
AND RACES BLRMED UP; ROLLERS BLIMMED UP ANE BOUND UP INBIDE HUB
RAES HUS STLL ATTACHED TO MNUCKLESAHNOLE ASSEMELY; ROLLEAN
MESING WTTH CONES SELED TO SPNOLE; BOTH COMES AN FACES
BURNED LM NEAR WHEEL OFF

MES HUS RACES OF HUE BURNED U™

AEG HUB AND WV AND G0 RACH, v AND O RACES ARE BOTH BLIRNED LM

REZ HLE, U3 AND 0B COMES, AND ROLLERS: LR AND O CONES AMND
RAGES ARE BURNED LP

REC HUE AND KNUCKLE, HUB ANL KMUCKLE SURNED UP THE DMLY THWNG
STOPFHG HUB FROM COMNG OF Wi THE INHER AND GUTER NUTS AND
WABHER: BUAN-UP. WARRANTY PAYMENT AFPROYED

REC HUE, 4B AND VB COMES AN ROLLERE, CONEE, ROLLERS, AMD RACEE

_ ARE ALL SURNED LR

O GRAL AND REARING M TALT; SEVERAL MU OF GREASE LIEACAGT FROM
SEAL; O CONE AND ROLLEMS SHOWY HIGH HEAT; VE CONE, MACE AND
ROLLEAS BURNED P CLIP MNG SHOWS HIGH HEAT; SlfMlL | BAMAGE;
WAARANTY FAYRENT APFROVED

REG HUB. 1B AND O COMES, ADLLERE: AOLLERS, CONES AMND RACES ARE
BURNEDR LF

REC HUB, UE AMD 048 COMER, AND ROLLERS; COMES, RACES AND ROLLERE
ARE BURNED UF

REC HLI DMLY MACES OF HUB BURNED LP

REC HLUR WITH L1} AND O/ CONEE; CONER AND AACES ARE ALL BURNED UP
REC HUB AND VB COME; COME AND RACES WERE BLRNED P
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11334

1224 A
1228 A

1228 &
122 A

1228 A

13 A
1871 A
ETEL

1303L

13T A
1N A
1452 A

14347
1430 A

1437 A
1R A
1441 A
145 A
1440 &
10 A
1451 A
BT A
1450 4

1R 7
140 A&

1404 A

1908 A
1488 A
1408 7
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MTAA
1474 A
1479 A
4ea L
1 ?

1502 A
1008 L
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REC HUE STILL ON KNUCLEAHDLE ASSENELY WITH ROLLERS, AND BRAKE
BHOES: ME AND QB CONES SEIED TO SPWDLE AS3EMBLY: COMNES ANG
RACES BLIANED LIP; NEARLFF

REC., HUB. BPINCLE AND KMLUCKLE AXSEMELY, AND VB AND OB CONES
BTILL ATTACHET TO SPINDLE, COMES AND RALES BURMNED UF. MISSING
ROLLERS AND CAGEN: NPAR WHEDL GFF

REC HUE AKT 1B SONE: CONE ANQ RACES WERE BURNED UP

REL: HUB. BRAKE SHOES. BRAKE DRLM, ROLLERS AND 1B AND OB CONES:
HUA STILL HELE ON 3Pm0LE; B ANG O GOMNES SEIZED 70
SPNDLEKMNUCKLE ASSELLY, COMNES AMD RACES HURNED UP; NEAR-GFF

REG., HUE, KNUCHLE SFMOLE WiTH /8 AND O/ COMES GTILL ON 8MNDLE,

BRAKE SHOES CONE AND RACES BURNED LR,

REC HLER, KNLICKLE, 141 AND O COWES AND A FEW ROLLERS. HLE RACES
BURNED LIP. /A AND OB CONES AND ROLLER BURNED LP.

REC HUB AND LB AND OvB CONES, COMES AND RACES ALL BURMNED LP. NO
CLAMM TAG WAE AYAILABLE

REC HUB, DRALM, AXLE AND THE R0O0; HUB AND DRL BURN-UF; AXLE
EFHDLE GLRN-UP; VB ANG (VB HUTE ANG LOCK WASHED BTILL OGN BPINDLE;
HURN-LF WHEEL OFF; WARRANTY PAYMENT APRRIOVED

REC HUB ONLY: HUE VB AND O/B HUB RACEER BURNED U BURN-LIA

REC HLE ONLY; MACES O HLM BURMNED UF

REC HLMS, KNUCKLESPMNDLE ASSEMBLY; LB AhD D8 CONES ANG RDLLERE:
RACEE, COHER, AND ROLLEAE AFE ALL BLFHED UP, WARFANTY PAYMENT
APPROYED

REC HE COMPLETE: I SFAL BURNED UP: L ROLLERS TURMEC AND
UANED; BEARING FALUME FROM CONTAMINATION ON THE VB SDE OF HUB,
WA RRANTY FAYMENT AFRROVED

Rz b, wpircie eulynily veicormat badrad & opirclih 8 & 08, ke dnon & shoer,
conon & races bumed up: 73403 )

Ra; hub, knuckde, spindie smambly with 1B & OB cones sl stiechad: brake drum L
brakae Ehoms; onss & moes umed oy T 02

R i nc it skssmibly wiB & O oones sill akached; conea burmad up;
NN

R hub, roiirs. 1B & OB cones sl camponarrs uied wy, 72402

Rz by [B- and OB roilaca and conss 3na braka shoss: s, rolisn ond moss A
m| baumad up;, FrEAD

Fom0 hubs with 18 mnd OB sonas and oiam saized In hub; both 1B end ©B saale Gumed
oyt i 1 DS SRS Harmad scwayN #nd humaed up; 772302

Fom Nl cnly; rexaies i hub all Bumed ug; /202

R by with bralos whoss o bilich drum; mced W Tl Diames] i 140 MC
bk neile mwsamibly with 18- gnd DB congs. pabegd nn apindle: conss wy med
up; THO02

Ra; hub with 1B and 8 conas snd molllen; <or, rollers 1 reces ary 4] bumed up;
TN

Rtz byl writ 1B ] O e 2 g I sl weilih TONST, oM ALINC (RClUdet;
cong. races. and rolng s ol Eurele] wy; 7/1802

Foec: nuby e braks shooss reces In ingbs burmesd e THSAG

Rac hub with missing: milens; consl. racel. Snd robenl Suvmed w71 302

R buby & nuokdedspina i sesemby whh (B 5 OR cones ol pithciec; o
oompanants burmed up; 11802

Pian kawchie’spindis aesamity onkys 1B A OF cones selzed &n spindly; smiyihing
Burmed wg;, THEAZ

Rz sy, drurn, shwsia & fdng g emeas i ol bormae up; 8L

Reex: hyly, bealog draim; Mﬂnﬁlmlﬂw!lﬁm
okt 4 iaincil; corekd & racEE burmad o, i o 782

R hulx mhy In Pl Bt o, T2

R hub, kg nele sy, rolian & B & CF oones; cons-s, mose & miten
et wp: T

R kmuchla/spinde sesomibty, brsby shesta; king pi s-cam & P L S8 oo hub
W ot e 18 & 05 cone b st o apindee & bumed up; TR0

Pa0 hub viumed up conos. raass & rolles (B & ORY 7207

Fag hub anly, recea Inside Pulb sl Sumed uwp; 7203

Rac hub, itm, eucdaspindly sssambly & braks drurr, hub moss bumed up, 2002
Rag hub, braky dram, Suckiebipindis sssanbly & 1B § OB conss; consl 5 raoss
Burned up. G2

G huts and 1B and 08 bearing e Both o S brokan; hub racaes ams bumad
up: Wenninly plymanl spproved; T TI02

R Krnueichs mand it of beawing coner, knuckle 1B eed O face S I spingia ne
Fub wilk Ante e, Bum-up; Yy Paynent Approwed 7H1TIL2

M Bl & Wvecias; hub races bumt up; kruckis 1R 3 OF cones stz o Spind g
gy paymeenl aperovart TR0

R hub anly; reows in butl Bunied 4, wiliminty' sEynenl sopeewsck /1003

T
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1619 A
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1527
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d 8 8d 8@

Rnc Nub orby: Rub rages barm v 7002

Fac: Fly and 1B bearing co Mub 1B amd £ racssy, bugined up; B Cona Sgwa
wxirema hewl bum ug, PHG2

R Mt oy, Mok rasial Emad wp: 719402

Ripc ionacics braics s braon i lorvieck | B8 g O conse sazad 4o 3pin i old net
mecive hub. bum up; epprovect 72

R b, hrioukly aned drame bk and fowackle bum w; e ariy thing alging b from
coming ofl was thr inoker snd outor rut and washar, /402
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THU Torque Study

Data from Chuck Smith and Mike
Lewis with Hub Production data from

Warranty Analysis

Includes Knight Torque data
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Analysis

There is significant variation in torques. Suggest Measurement
System Analysis to ensure conclusions are valid.

I studied mean and variance in inner and outer torques and
mileage using factors including OEM, Build Dates of Trucks,
Build Dates of Hubs,Luechow Vs Aiken and other analyses.

May be some correlation to variation in torque and warranty
claim, but weak and inconclusive. May be a function of timing
between hub production date and truck build date.

Difference in mileage and torque between OEM’s but other
factors could invalidate

Little correlation between outer and inner nut torques
Also include Knight Descriptive Statistics of torques.
Suggest Mike and others review and continue hypothesis testing
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Torques

OEM s MeanQuterl  Meanlnner StDevQuter

Freightliner 199.092 511.885 112.510
International 191.154 534.231 83.906
Mack - 162.826 411.304 43.402
Volvo 224.464 537.500 34,964

StDevInner
145.029
149.260
103.674
135.243
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Boxplots of Outer Nut Torque by These

values

Truck Build Date / are outliers

(means are indicated by solld circles)
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Blue area represents 50% of the data points.
Compare this to specification
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Boxplots of Inner Nut Torque by

Truck Build Date
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(means are indicated by solid circles)

Boxplots of Inner Nut Torque by

Truck Build yearmonth
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Imeans are Indicatay by aolid circlas}

Boxplots of Proportion W arranty
Clalms by Hub Bulld D ate by

YaarM onth

EKF 002192

Compare Truck Build Date Torque to Hub Build Date, Note some months missing
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No difference in mileage by L or R

Boxplots of Mileage by LorRH
{means are indicated by solid circles)
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Torque varies between smgleL or R or LH or RH
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Boxplots of Mileage by SKF Site
(means are indicated by solid circles)
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Mileage Comparison by OEM

One-way ANOVA: Mileage versus Truck OEM

Analyeis of Variance for Mileage

Source DF

58

M5 F P

Truck OB 3 2,.106E+12 7.019E+11 35.00 0.000

Error 474 H.755E+12 1.847E+1C
Total 477 1. DBEE+13

Individual 95% CIs For Mean

Baged on Pooled ScDev
Lyl .| Mean Sthev  ft-4----——---—- +--————--- Fmmmm——mmm +--=-
Freightl 358 286420 145465 [—%)
Internat 13 443829 81985 e e LTy
Mack 23 575265 7483mR {(----- *o---)
Volvo a4 372753 109582 {--%--)

e +—m o #ormmm i m +----
Fooled StDev = 135904 300000 4000440 500000 600000

May differ due to tirne in service and other factors unknown
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Knight Year Outer DS

Month
199807
199809
199810
199902
199903
168004
190905
199906
199807
198808
199909
199910
158911
200003
200004
200005
200010
200101
200105
200106

Mean
250
200
150
250
137.5
164.29
166.67
250
B7.5
266.67

75
133.33
1000
100
100
200
150
150
200

Knight Only

iInner DS QUter DS InperDS Data Quier PS Inner OS5 StDev

Mean StdDev Std Dev
510 * *
575 0 106.066

2375 70.711 53.033

m * -

437.5 47.871 43.301
351.43 85.217 176.109
488.33 76.376 96.997

. 350 * *

400 BB.388 70,711

45556 286.138 215.703
mm =+ *
3m =& *

416.67 87.735 125831
1[m * -

500 * -

250 0 70.711
200 L ] *
450 * *
525 | ] &*
850 * "

points Mean
100
250
125
250
200
335.71
433.33
200
200
219.44
250
150
- 225
1000
300
100
250
250
100
200

ek ok owmk ) e b L =k ) GO N =k ) ] S =k NI N -

Mean QOuter PS
500 *
640 0
500 35.3556
550 *
543.75 20.412
542,86 301.336
566.67 493.288
700 * :
700 0
611.11 72.648
500 * '
400 *
533.33 66.144
1000 *
550 *
250 70.711
650 *
550 *
650 *
650 *

StDev
Inner PS
56.569
70.711
100.778
255.65
450.925

L]

0
184.9

*

76.376

*

212.132

* ¥ %

SKF 002200



D isc I.ISBlDI'I . Subject: Actions snd responeibiitiss of Comptencs Areas
Main Topic . .
Category: Projacts

Class
Rehmberg/GHOGOTSHF
0131224 PR

SKF 002201




Response
to Main Dooumant

Ashin Muslar/SCHSNF
0513 06:28 AM-

Bubject: Visual inspection of Returned Truck Hub Unkt
Reaporag to: E} Actiony and responebiities of Competencs Araas
Cxlagory: F

Prolocta

vipugiingpacion gat

BWF 002202



SEFE

BU Trucks Frodoet Design Visual inspection of Returned Truck
' Hub Units

Purpose of the Inspection

Ta verify findinga of earlier visunl ingpections perfermed by ADNA personal. Intotal 13 mboard inner rings. roller
complementd and s¢xly of Truck Hub Units BTF-0032 were returned. These bearings have boen idemtified sartier o be
spalied, thus not reaching the expecied service life of o millien miles 1t had baen determinad that the apalis are camsed by
lubricans film break down due to water ingress through the inboard ceal.

Findings of ¥Vismal Inspection

Hereunder are liste the findings end conclusions of the visal irspection perforred in the Schweinfort test laboratary. To
identify individunl bearings, the fmdings are summerized under the respective claim number and mileage,

E1752344 308,518 milen

Twg shallow mpalls in raller distance over 374 of the mer ring racaway leegth. The teal main Lip wear is 0.6 mm wide. No
signa of comoxian on scal counterfice. Corrosion i found in the cHp ring groowe,

Shallow raceway spalls ke indicating murface distress. Such s damage is bpically caused by slther vibrations or lubricant
film break down. The most carmmon resson. for Tubricant film break down i3 the presence of water in tha bearing. The
presence of rust in the bearing bore sd the appearance of the scel are indicating & sk path along the axle.

Ryder 3617 392,530 miles

Ring and roller mcewiys as wall as the guiding flunge are in good condition. Thl'.'nll mwin lip wear i 3.1 mm wide. The
seal counterface i partully comoded, No corresion is found m the clip ring groove.

The bearing hax not faited yet. Tha leavily womn soal indicates a reduced sesling function, wllowing water and cther
contemination entering the bearing.

E1733589 438,508 milax

The guiding Mange in heavily wom over about 90° of tha circumferance ("ot rumnee”). Ring and roller rarsnsys e in
good amdition. The saah main lip wear s 0.6 mm wide Comosion is found in the iy ring groove No evidence of water
irs the bearing. Fretiing comromion in te bearing bore is indcating two Joad xonea

Seizing on guiding flangn surfaces iv censidersd to ho an wnsual oeourance. It may be awased by either hanvy axial
loading, extrercely high preload {clamp load), Jubricant film bresk down or misaligned mating parts {perpendicularity of
spimdle and shouider). Due ta the good oversl] sppesrance of the bearing compments, Tubricarie film bresk down is an
wnlikely ot cayse for the demege, Two lond zones typically show up when the besring is dimssembled and put beck oo
the spindle

Ryder 33623 613,339 milex

Ring and roller reewiys xx woll i the pEding famge wre it good condition. The saal mait lip waar i 1.6 mm wide. The
seal coynterface appears 1o be in kood condition- The clip ring groove i not coirirded. No evidencs of water ingress i
found. However, there are trwces of over rolled particles.

The saurce af thow perticles sould not be clarified. The fmdings on this hearing do not lesd to 8 conelusian.

Rydar 33520 451.61% milss

One shallow spall over sbout 130° of the ring mceway. The sraas cloac to the spelt appear shiny. The scal main Tp wenr ia
2.8 mm wide. The youl coapmierface is not comradad. Ryst can be found in the clip ting groove. The ring and the seal ar
drmaged by disussembly tools

Shallowy xoalle wnd/or shiny, minorlike, recoways sre indicating v lubricant film bregk down. Both, the shiny taceomy
suiice sod the beavily wom ssal, sre indicating water mgrees into the boaring. Thers is, however, also evidonce of & leak
path wlong the spindle.

E1TEE512 409,280 willex
One shallow spall over abeut 160° ol the ring raccway. In additlon, the guiding flange i hewvily worn aver aboun 90°. The
sekl main lip wear in 2.7 mm wide, the rait lip # torm away ovee abowt 90° of the circumfseance- Ruat can be found in the

clip ring groave.
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BU Trucks Product Design Visual Inspection of Retumed Truck
Huh Units

Shallow spalls are typical for lubricatien prohlems. The heavy seni wear indicates contamintion ingress inta the beaning.
there is wlso svidence of o leak path along the spindle.

E175237% 173,721 miles

The ring raceway iz apalled over about 50° of its l:lrcmnﬂ:reme The raller racewsys are shiny. A 2 cm long particle
{chip?) is found In vhe guiding Asnge underow. The seal mmin lip wear 19 1.6 mm wide, The seal counter fuce appesrs in
good condition, however, the trace of the dust [ip shaws some comosion. Rust is found in the ¢lip ring groowe,

Shiny receways er¢ evidence of lubricant fitm breek down. Beth corresion racen, an the sesl counterfuce end the hunng
hare, indicating potential leak patha

E1730339 539,347 mdlew

The ring racewgy is spalled over abaur 90° af its cirsumferance. The seal main lip wear i 3.8 mm wide. The scal
coumerface is heavily carroded. Roust ta present i 1he clip ring graove. The Toller raceways ans shiny. The szal mnin lip
cxhibils several vnids, up to five mm leng. on the bearing ride.

The spal! appears to be ceused by lubricant fitm break doom due to water entering the bearing. The voids in the seal lip

Ty be expiained by roller skewing ax a corsequence of the wpall.

CWADESH 385,007 mlles

The ring meeway in spalled, while the roller racewnys are shirsy. The xeal main lip wesr i 1.3 i wide. T deal counter
fece in in good candition. Rust can be feund in the olip ning groove.

Shallow spalls and shimy receways are indicating n lubricant film breakdown due to water ingress. A lesk path along the
spiadle appearn 1o be possthle.

CWADTRI mdlengr ¥

Ring and roller soewnys are in gond condition. The guiding fangs i seized. The seal muin lip wear is 3.0 men wide. The
weal counter face sppears 1o be in good condition. The s=al spring i missing. Only Linde rus can b ceen in the bearing
bare.

The réasen for thiz damaga is not detarmimed. The seal is heavily wam. However, xince the mileage of the bearing i not
known, A conclusion abaut e seal perfrmoance i bardly possble.

E1744718 168,745 miles

The appesrance of the raceweys and the guidmg flange is good. Traces of over ralled particies wre o e seen, The seal
misin |p wear i 0.9 mm wide. The seal courtorfaca is In good conditon. Rust 2an be faund in the clip fng groove. The
dust lip of the szl han a five mm kng o,

The sourct: of those perticles could oot be clarified. The fndiogs on thin bedring de not lead to a conclusion,

E1752d10 192,539 milw

The racewnys are thiny, while the guiding flange is seizad. The senl main lp wear i3 3.5 mm wide. The seal coumerface is
besyily corraded. The bearing bore ix alsa heavily corroded. Multipte dark lines on the ring meeway n roller distnce s
indicating comtact corresion berween rollers snd ring recesmy.

The oversll nppesranca of the bearing componenta leads w0 tha conclusion that the bearing was mibawrged in water. Fres
Wiler wis present in the bearing, cawaing 2 Jobricant film break downs Since multiple lines of vantact cormgion cars be
seen, it oim ha ppmed that the besring wad operating fiv' 2 while after the sutrmertios higpened

E1TITTS 1,164,983 ki

The ring ricoway is podiskad. Reaction lsyirs on the roller radwwiys s indicatg slevated apemition temperaiures. Tho
soal mmir: lip wear ic 3.5 mm wide. The seal coumterfece iz cormodad.

The sppesrance: of the bearning is typicsl for & fubmicant film bresk deven, mluvyullmnppumﬂummpmn
that water passed the seal Tip.
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BU Trucks Product Deslgn Vigua] Inspection of Returned Truck
Hub Units

Sommary

A wonal of 13 rermed bearing cones and seals have been inspecied. All of these bearings had been classified by ADNA a3
being damaged afier inboard seal lenknges

The findings reported above do nat fully support this earlier assecment.

it may be confirmed trat the vazt majority of the bearing dumages qre due to Iubrn:aﬂ film break down caused by warer
intrupian imto the bearing. 1t is, however. not verified in all casex that water entered the beszings through the seal. There is
aiso & potential leak path xlang the apindle.

This conclusion is yuppocted by the presence of rut in the inner ting's clip ring groove and the good overall appearance of
the seat lips and their counterfaces in abeut half of the inapected bearings.

A intal of five bearings out of 11 are concluded not to have seal leaks. One besring damage is not conclusive since the
service mileage is nat known. The reraining seven bearings show evidence of seal lmakags. Et has to be pointed o, that
in almost ali cases, witer was present in the bearing bore, Therefors it iz mi to be determingd whether some of these
seven cases may also be linked to water imrusion elong the spimdls.
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BU Trucks Product Design Truck Hub Unit Assembly Test

Purpose

Purpose of this investigation was to prove that clamping w Trock Hub Unit {(THU) without rotating the outer ring may lead
to damages on ring er roller raceways.

Test Description

A THU (BTF-D032) wax disxgemhbled and cleaned. The mnditiu'n of the raceways wis decumnented [see picture 1) ARer
that, the unit waa lubriced with a totl of 51 gr. of GW2 grease.

Picture 1: Conditipn of inboxrd outer ring raceway before Amembly Text

The urit wi pot on & herizontally ingtalled test wpindle. The mner Tock out waa torqued until a ciamp load of
approximately 90 kKN was reached. Before respectively thring clamyping of the unit, it was taken care that the owter ring af
the bearing waa mor rotated. As a setomd mep, the outer loek nut was mStalled with & torque of 300 filbs. After that, the
bearing was disasacmbhnd, cleansd and mapested for damages.

Test Reaults

Upen dissserbly of the unit, several indentations wete found cat the mboard suter ting racewky (picture 2).

Picture 2: Typical indantation on outer ring recowsy afier lest
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BU Trucks Product Design Truck Hub Unit Assembly Test

The extengion of the inderitation in picture 2 was determined 1 be 8.35 ram in circunberentia) direction and
approximately 7.2 pm from peak o valley {picre 33,

F1 - Pmalume
F2 - Rluysiha
Fd - i -fam.
M- Jun

s = fuxmh|.
b - I_BErcich

o |

s P ] I —— |

Pk T Yallew ¢ L N

. Isd
MTEY 18-APN- & -1 [i#m = |

Pictore 3: Raceway surfice and indentaton
Conclugion

This test proves that non rotanion of the THU outer eing during clamping can cavse considershle damage of the beaning.
This kind of damage i considered to by demrimenisl 1o the besring performence.
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Response Subject; X-Ray Diffraction Analysis Intsrim Result 1

ta Main Document. D
Rasponss to; -] Actians and raspansibiltian of Competence Araas
Achim MusllenSCHISEKF .
O5A17 02:18 AM Catagory: Projects
To all,

Attachad fle depicty the comparison betwesn a retumed THU BTF-0832 (servica |He aper. 500 kmiles) and an unrun
pna. it ia pbvious that the bAS value |a atil clesa to 1, ig. thare ia very llitie e consumead. The threshold value of /B
Indicating fatigua e 0.85. ks st ko aary for a remaining Ife prediciion, but i can be astimatad, that this beanng
could sl have run for ora milllon miles undee the same aperation condilions,

Best regarde
Achim Musller

XRDirtarim xis
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Response
to Maln Document

Achim NusllarBCHSKF
06724 D4:18 AM

Subject:

Stear Axie Action home Update 1, 24.04.2002

Response to: D Actions and responsibilies of Competance Araas

Glhuw:_

Projects

amprogreb doc
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PR -PROPO

Title: Investigations of ARM — THUs (field incidents)
Praject-Manager: Achim Muller

Objectives:

=» To make detailed visuat and material inspections, inclusive THLU application interfaces, to
identify the root cauze of the ARM Truck “wheel off” inidences on THUs which were
used on trucks in North America.

< To draw conclusions, considering ali our inveatigation repults, which actions have to be
taken in order to help solving the “wheel off” preblemsz, by improving the ARM - THU or
wheel end deaign if necessary.

Background:
Facts {ncc. Minutes PLB THU, Arvin Meritor, e=mail Claes Rehmberg 050402)

400,008 bearings In the market

120.000 of those produced in Luechow

280.000 produced in Aiken whereof 61.000 with R-Safe seals

Frendenberg seals were osed op to April 2000

R-Safe zeals were used from April 2000 in Alken produced bearinge

117 bearing have been claimed by AM a8 “severely advanced” parts out of which
18 wheel-offs from start of the year all with Freudenberg scals

Average service life of claimed onits approx. 355 kWilea

SKF notifled around week 11 by ARM after the 15 flyst wheel-offs occurred

v vy

In order to get 8 clear and complete picture of the “wheel off” incident roods, a detailed ARM
. THU investigation will be dona by the specific compstence aneas within SKF.

This project will be split into working packages Hnked to the investigating competences,

Actions and responsibilities of competence areas.
Waorking Package I Seal

Keaponaible: A. Miller

=  Spec’s on Freudenberg seal {materinl compounxd, design)

CFW compound 75FKMS95 released for use in garter seals by ERC (NLEPC802,
A.v.d Berg). Design (SG-BTFB 446329 E) released for RVT THU in 1989. Virtually no firther
documeniation availoble.
=2  Spec’s on R-Safe Seals (material compound, design)

CR compound SIRVENE 390 released for use in R-Safe seals by ERC (NL92C815,
Av.d Bergl. Design principie tested and reported by IPD TRB (ST04T201, L. Winsion) and
CRA (CICI231-102, G Pollj.Other standard tests comparing CFW ard CR seal at CRA were

SKF 002212 1



suppaorting decision . Since then, the basic VOLVO mud/sturry test has been adapted and is
used ag aoceplanee criterium.
= Approval process of both these two seals (who signed)

The approval process for the CFW seal is not documented. Approval af the CR seal
was given based on comparative fests (see above), using the VOLYO seal test specification.
The decisfon for the CFW seal to be used in the ARM front axle THU was iaken, based on the

f eld experience with the R¥T unit (MEST doted 93-04-07, L, Brockmueiler).

¥isit to Freudenberg to clerify design, material compound, production process -

No dociumentation about the seal develapment availabie at CFW,
=  Water aplash test on defective R-Safe seals to confirm failure mode

orguing at RFT
=  Weartest on CFW seals

ongoing at CRA
=»  Water splash test on CFW with different grease fills

Test confirms that reduced grease fill reduces the time wutil waler passes the main seal

=  Curc staic analysis
SKF not equipped for aralysis, CRA in charge.

Working Package 11 Total inspection THU

ERC activities

1 THU new
3 THU returned long mileage

Coordinatar: A. Kerrigan

= Visual inspection 3. 42 Wit

Visual inspection on long mileage bearings without unusual findings,
Inspection of additional 34 units will siart in Schweinfert or May 27,
=» Investigation compasition, microstructure, forging fibre flow conformaence, surface quality,
if neceszsary SEM inveatigation €. Vielllard

Inner rings over hardened, Rardness in tolerance but retained aqustenite conrent ahove
- X-nay inveadgation of run and unnumn (reference) THU to identify rolling contact fatigue

damage accumulated in the microstructure H. Verschorr

First result an bearing 918279 (mileage 570.000 miles} thows virtuglly no decay of

rotained austenite. 1t s estimated that this bearing could have rur for ancfher million miies.

Schweinfurt lab activities
3 THU returned long mileage

= visual ingpection (SEM if necessary) and X-ray investigation W. Nierlich
Acrivily ongoing

Working Package [II General Application Fentures
Rexponsihle: Achim Milller (M. Lewis)

SKF 002213 2




=» Ideas for truck drivers waming systemn A. Muller / M. Lewis
Definition of preferred warning systent nrissing.
= Tensile (racture wheel boit test
Failire mode rot duplicoted even at nut torgues exceeding 1200 fi-lThs.
-» Wheel bolt replacement
Darmages on ring awd roller raceways visible, measurenient to be done.
-> Inspection of returned seals (CFW)
Ongoing. see above activity "Visual inspection”
=¥ Inspection retutned CR asal bearings
Ongaoing, see above activity "Visual inspection®
- Mounting test with and without nm down (support: FEM calculation G.=J. Dop)
Test done. resuits reported
= Summary of release/homologation documentation
Documentation in SW already about 13 binders. Summary will take about 5
manweeks. We do not kmow if the docriments are compiste.

Working Package IV Customer Related Applcation Features
Rwsponsible: M. Lewis
- Documentation of approval process B. Weeks

=» Comparison Eutopean users F. Caron
Fleets contacted, search for long mileage vehicle ongoing,

Mike please define your actigns for the following aress

8.

- ldentification of vehicle set up {chassis,...) in relation to retums, claims, incidents
- Updste of customer and SKF warranty/claim data base

=» Application Enginesring contacts 1o customer

Working Package V Quality

Responsible: J. Schulthels

Please define your action
.8
= Collect gvailable PPAP documentation of nnits, s=als and bolts

= Collect quality dats of individual production rine from ARM 10/1998; 6,7,8/1999 in
gervice dates

Working Package VI conclusions and identliication of further actions
concerning improvement of THU if necessary

Redponsible: all involved participants
Project Team:
SKF 002214



Leader, A. Mueller
Application Engineering: M. Lewis

Investigations: A. Kemmigan
W. Nierlich

Quality: J. Schuitheis

Other issnes

Studs

Issue veport of failure analysis (NATC)

Issue veport of testing (tensile, impact,...) By Ingersoll
Identification of oot canse

Identify affected quantity of bolts

Digposition of partz in the field with supporting docitnentation
Business Gate:

B. Stephan, W. Farrell, A. Stubenrauch

Mstribatlon:

Working package responsibles; PLB members

SKF 007216



Response |

Stxrtamant to Recommended Inapaction intarval

to Main Decument .
Rosponse to: [ Actions ann reeponsibiities of Comoetsnce Araas
Aghim MusinrSCHISKF .
05/28 09:4% AM Gategory: Projects

The attachad documant comiaing a drafs of an SKF statamant abit the 80,000 miles ingpacticn intervals batwean
“Baslc Inapactions” as propasas by ARM. Commants arg wery much appres|gied.

Achim Musher

L

Inspracom.dac
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SIS

BU Trucks Product Design Recommended Instection Interval
DRAFT

Before publishing this statement, vpore data from fleld tests must be available and evaluated.
Backgroond

ArvinMeritor is recommending in their Technical Bulletin TP-0251 (revision 05-02) to nm "Hasic Ingpections” in
Intervals of not mere than 30.060 miles after the firet "Detailed [ngpection™ which ig dus after an operational tme of
200,000 miles.

§KF is equexted to take o mand om the length of the intervals berween the * Basic Inpectians™.

Fleld smd Rig Testing

Several field and rig tests wre run by ArvinMeritor and SKF. with the trget 1o support the recornmended jnspection
interval to be a sufe interval For the possible detection of progrossive bearing damages.

1. SKF Tt Truck (epersted by Sowdhweat)

A tort truck s equipped with predarraged unitized wheel end b=arings (THLD, The bearing tenperatures and vihration
levels are monitared. The truck is opersting under linchoul conditioud. The teat started on Mey 21, a mileage of
approximately 1000 milas per day is sccumulated.

"Bagic Inspections” are porformed every ssoend day.

2. ArvinMeritor Text Truck

ARM is nmming & test vehicle an the Basch proving ground urder operating conditions, which are come close o linehaul
coveditions. The test sarted beginming of Muy, it iy reportad, thar o mileage of more 25,000 mdiles has been acoumuleted.
Unfortumately, not more details are known at SXF Schweinfurt,

3. Rig Teat st SKF Sehweinfure

A THL) hus bean predamaged dus to non retation during assemibly (vos report A, Mueller in dedebade), This bearing was
than pizt om o THU test vig and run under "Raceway Ohmlification Test" conditons.

Theg= tent conditions are chasen such, that heavy but realistic comer loads, which may occur under nerma! operation, are
simulated. The dominant loedng condition {35% of the st tinw) simuiates + 0.25 g comering load. Roesd recondings
("Service Conditkm Racacdings. .. ", NLIIT035, G.-1. Schwors) are proposing that thia candition ocours with a peccentage
OF less than 0.3% nder linwbsul sorvice. It in asmmed that during ity delivery, & similar corvering condition in presont
for lese tham 2% of the totl service lifie of 2 wehicle.

Brsed on this infermdion it 39 4 safe asstmmption tha very bour of st time, the test rig operates it 500 rpm, simulates
approx imusly 2620 mlley af aperwtion under city dellvery conditian, while it repeesents mans tian 2000 milas undey
linchnad conditions

Tﬁmmmmuhms hiurs when » vibmtion level, which wax twice ns high s the hage Sevel of the
alresdy damaged hesring was megswed. These 395 haure would be pkrendy equrivalent to approximetely 3,000,000 miley
af sty delivery condition, Upan inspection small demages on the Inboard catar ring rmceways wers dotocted {see picture

1).
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BU Truocks Product Design Recommended Inspection interval

Picture 1: circamierenial cperation aces wd cerateher en run. predrrmiged THU olater ring racewy
During & Design Yerification Teat, these smiches would heve been eveluated rs beaning damage, and the te3t would have
heen terminated.

Since the raxget of this vest was to demonsirate the feesibility of 8 50.000 miles irspection imervel, it hag been decided o
continge the test ingtesd of investigating the abserved damage in detait.

Upon restarting of the test, the bearing wea overloaded by mistake. The overload was such that an axigl load equivelsne 1o
appraximately 1 g was acting on the THU. The betring waa immediately henvily damaged on the mesways and inner ting
guiding Alangas (ree picture 23 Mevertheless the test was continued with thix, now excemively, damaged bering.

Pictore 2 THL sone afiar overiond

The bearing had been oporating since for 12.5 hours undet the eerlier described gt condition. The test time would
trarslate into appraxirmately 86,300 milex of Geld aperation under city delivery conditions

Conclesion
SKF BU Treucks Product Engincering supporta the propased 50,000 miles intervals betoveen, "Bagic Inapertiona® for sll

unitized front wheel snd bearings.
SKF BU Trucks Product Engineering conaiders the propesad imervals as being mfficiznt ta dedect progremive bearing

damages priar to upcontralled fuilure of =uch a wheel 2nd bearing.
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Res PONSO  suppct Potantial Root Gauses for Bearing Damages
to Main Dooument

Renponss to: I:] Actions and resporsibilites of Compstence Arsas
Achim MuslisnBCH/SKF .

DAMK 10:36 AM Catagory: Projects

Attached document containg a "Fishbena™ Diagram préparsd by A. Stubshrauch depicting patantial mot ceusas for
bearing demageas

il

Root Causan pp!
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Potential Root Causes for THU-damares

e oD

not realixed
wamings

no siatic seal

Assembly related
at ARM

Aulnmntwc Division BU Truck

i Ll S I e T I WS I M R N e i T e M LT e AR R IR TE L
m-na-zm.lm‘ B:n-tl.?aueu.p;




Response Subject: Conclusions and Recammentad Actions

to Main Document [1
Responeas to; Actlons and responalbiltien of Campetsnca Arags
Amo Siubanrauch/SCHIKH :

05/20 09:54 AM Catagory: Prcjercts

Attachar ig a draft for discussion JUmoses

Recyrmanded aclons.py
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Recommended Actions

* Reduced inspection intervalls 50.000 miles

+ To follow consequently the ABS-Signal concerning THU
» To check the function of the static seal

« To retrofit the static seal

» To retrofit the heat indicator, preferable Wabash-Bolt

» To discuss improvements with ARM about the other causes for

bearing damages
Automotive Division BU Truck ' SKF
TR A L e Bl B PP T GRS T Y W I G T s TR L PR .
20208-20 7 ATT Recoromeuded nctions. ppl
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Dominating Root Cause for early bearing failures

Observation/Detection: too much water inside the bearing unit
There are different paths for water ingress:

= Trough the thread of the HUB-Cap ~ (happened)
» Creeping along the OD of CRW (not detected)
s Passing the seal lip, after excessive wear and lost seal function (happened)
» Creeping along the spindle and passing the contact area of (happened)

the IR side faces (this phenomenon is supported by micromovements)
Consequences due to water ingress:
» A certain amount of water will be absorbed by the grease
= Grease is loosing viscosity and lubrication capability
= Lubrication film will break through and rolling contact surface will suffer from
surface distress (shallow spalling)
= After spalling the internal clearance will increase

Automotive Division BU Truck G
BN DA e et MR LT S e o e R R T (B s TN T T A T AT ey T TR e
2002-05-20 F ATT Recnmmendied asiioon ppl
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= High stress in rolling contact » Grease out

= Pitting starting s Metal to metal
= Spalling develops s Seizure/Blocking
= Noise and vibration develops * Roller ejection.
» Extreme clearance | = Raceway riding
= Damage seal perhaps push out . ® Drum touches brake shoes
= Water dust ingress = Wear off of central nut
= Acceleration of wear " Jgnition possible
= Roller scew * Wheel off |
» Heating up
Automotive Division BL Truck ' SICF
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Overall Conclusions

Bearing suitable, when correctly manufactured and installed

Main problem: water ingress/water creep

Manufacturing problems:
- Aiken, CFW  missing grease
- CR-R-Safe  moulding defects

» Other causes for bearing damages:
- Assembly
- Transport
- Studs replacement
- Disassembly

Automotive Division BU Truck ' SKRF
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Response
to Main Dogumnent

Aghim MusllernSCHSKF
0530 01:40 AM

-SI.IHIIH'.'

Resporss to: [ Actions and regponaibillies of Compaisnce Areas

Category:

Sanl Wear Comparisan betwaen Luschow and Alken Parts

Projects

seablwsar.doc
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LS

BU Trucka Froduct Design Seal Investigation on Returned Ryder
Big Spring Truck Hub Units

Backgraond

The purpose of this investigation was ta determine, if there is o difference wear pattern on Freudenberg seala, depending
an the assembly plant of the Track Hub Unit.

Findings

Seven aeals were inspected (Mate: a gut of & tota] of 1B inspected THUE, only seven seqis were aveilzble) and the wear of
the main lip was mensured, Five of these seven szals were assembled in Aiken. the remaining rwe in Luechow. The wear
width of the semls axzembled in Aiken waa in a range of'0.5 to 1.5 mm, while the messured values were 0.5 and 1.2 mm
texpectively for the sealz assembled in Likchow (ces table).

Manufacturing Claim No. Seal Wear Milenge
Locanon
Adken 2821334 2 1.5 mm 7
Adken 9182 0.% mm 559,254
Luechow 914289 0.9 mm 569 477
Luechow 914289 1.2 mnt 560,477
Aiken MA970 0.8 mm 571,884
Aiken 918276 1.0 mm 610,074
_Alksm Q18274 0.5 mm 444,064
Conchuxion

Thesa results do not show & significant difference of seal wear berween Aiken and Luechow assembled parts.

SICF 002227 I



Response |y Interim Reault of XRD Imvastigation
to ¥ain Docimmemt

Rupponss to: I:;l Actions end responsibiliies of Competance Argas
Axhim MusHer/BCHBKF .
05730 0143 AM Category: Projecta

Megsurgmeanta dons in the Scimginfurt faboratory corfirm so far the aerliar reporbed resuits from ERC. Band widih
reduction values b/B of 0.9, 0.62 and §.95 have been reperied, indicating that no major meterial reaponas ccoured
on thesa (Rydar] parta.

Fingl report ks enticipeded to be distibuted by Juna 14.

SKF 002228



Response

Subjwct: Revised Statemant on Recommetided nspection (nterval
to Main Documant .
Responswto: [ Actions and responalbllibiss of Competence Ansas
Achim MoslleSCHSKF .
05030 03:17 AM Catagory: Projects
—
L
ravinsprecom.doc
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SIS

BU Trucks Prodoct Dexlpa Recommended Inspection Interval

Bachgreand

ArvinMeriter is recornmending in their Technicgl Bullelin TP-023 | (revisian 05-02} o run "Basic Inpections” in
imervala of not mare than 30,000 miles after the firet "Dietailed [nspection™ which iz-due after an cpermtional Hme of
200,000 miles. '

SKF ia vequested b take a stand oft 1he length of the intervats between the "Basic Inmections”.

Flekd and Rig Teting

Several field and rig tests are run by Arvinblenitor and SKP, with the target to support the recommend inspection intorval
ta be a zafe interval far the poasible detection of progreqsive bearing damages.

1. SKF Test Track (operuted by Sonthwest]

A tamt truck iz equipped with predamaged mitized wheel end bearmgs (THU). The bearing temperatured end vibration
levelz are monitared. The track is opersting under linehaul condittons. The 12t started on May 21, a milesge of
approximately 1000 miles per day is accumulated,

"Brsic Inipectiona” are performed overy secoad day.

Y, ArvinMarttor Test Truck

ARM & rynning u test vehicle an the Bosch proving ground under oparating conditivns, which are come close o linehaul
conditiona. The test started baginning of May, it is reported, that a mileage of more 25,000 miles has been accumulered,
Unfortunately, not mott details ore koown at SKF Schaeinfioe

1. Rig Test at SKF Schwainfart

A THU hes been predameged due to non ratation during astembly (see vepart A. Mueller in detabase). This bearing was
then put on s THU test rig and run ynder "Receway Qualifcation Test” conditions.

These ot conditions eme chosen such, that beavy but realigtio camer loady, which may aeour under noomal operation, are
timulated. The domimant Yoading condition (85% of the test triw) sinastates + 025 g corneting load. Road recordings
("Service Condition Recordings...”, NLY3T035, G.-l. Schéers) wre proparing thet this condition acoues with a percentage
of lexs than 0.3% under litvehaul service. [T iz asnemed that during city delivery, a similar coenering condition is present
for e than 2% of the toted service life of & vehicle.

Bused on this information it is o mfe sesumption that every haur of test time, the test rig operares ot 500 mpre, simulstes
approximately 2650 miles of operstion under city delivery condition, whils it represents more than BR00 miles undee
linehaul conditions.

The reported bedring wus cperating for 395 hours when B vibretion lovel, which was twice 13 high sa the base lavel of the
alrcady decvaged bearing was mesnored, These 395 hour would be already equivalent to approximatety 1,000,000 miles
of city delivery condition. Upan inspection small demages on the inbosrd outsr Fimg mcewuys were detected (see pictwre

Picnire 1: cirsomPrrentinl operation ecw and serschas on nm, pradancaged) THL cuter ming racywyy
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BU Trucks Product Deslgn Recommended Enspection interval

Ficture Ly opembion races on ondumaged THL ouler ning ACEway

Curing 3 Dexign Yerificznion Test, theat seratches would have been evaluated ns bearing damage, and the test would have
heen terminated.

Since the targpet of this test wes to demonatiats the fasibility of a 530,000 nuiles spection irderval, it hat been decided to
continue the test instead of investipating the obaerved damage in demil.

Lpen restarting of the tmt, the bearing was overlonded by mistake. The overlond was such thar » axial load equivalent o
approximatsly 1 g was acting on the THU. The beating was immedintely heavily damaged on the racemays and inner ring
guiding fnmges {s2e picrurs 2}, WNevertheless the pest was continusd with this, now excessively, damaged bearing.

Picture 2: THL cone aftzr overloxd

The bearing is operasing sinee then for abaut 30 hours under the earlier describod teat condfiotn The tem time would
tranglate into appeoximenely £0,000 miles of Aeld operarion under city delivery conditians.

Conclusion
SKF BU Trucks Produst Engineering capports the propased 50,000 miles intervals betwean “Baric Inspectiora” foe all
unitized tront whesl end besrings.

SKF BU Trucks Product Engineering considers the proposed imfervals ay heing sufficient to detect prograssive bearing
damages prior 1o mconrolled Bikare of such & wheel snd besring.
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Response |s.yec Alr Laak Tost ot ARM Mnuckie

o Muin Poourvidt D
Rexponas to: Aztione and reaponsibliti=s of Com ch
Achim Musller/BCHIBKF . patsncs Arass
0808 02:15 AM Category: Projecia

We hava done an “Air Leak Teat" on ona of the ARM Knucklas we have In our test iab.

A new THU BTF-0065 has bean assembied onto the spindie and clampad with a tonqua of B0D Nm {580
fi-ts). An @ir coupling waa inatalad Into @ hub cep, and the esp easembled onto the Unit. Pressurized sir
{1 bar) was then bipwn into tha fub eap cavity. After the appiication of a leek detection spray onto the unit's
nboard side, hubbles indicated & leek along the spindie.

Nota that this test was a stallc tast only. This Is proving the presancs of wets: lsak pathe along ARM'S
spincdis,

B

airlsakiestipg sirisakbubbles.|pg
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Response | MAN 1,000,000 km Axie
o Maint Daourent

0806 02:35 AM | Gategory: Projects

Raspones to: [3 Actiong and responaibilies of Compalence Areas

A non driven front steer axde of MAN wag racetvad efier aperating for gbout 1,000,000 km {525,000 mies). The
spinda shows dry fratting Comosion on s bodom alée whila tha “sida” faceae and the tensilicn redii 606 & new. Thia
proves that no weler sniered the whesl! and ayatam batween tha knucide and the Inboand Inner ring sids feca.

[y I, Ry
- 1 L s

manstubiransition.jn manstub2hotiomvisyjo menstubiskie.ipg mansiubi botiomview.|p manipnsming.JPC

SKF 002235



SKF 002236




BKF 002237



SKF 002238



SXF 002238



1P




Response
o Maln Dacument

Achim Mualler/SCHSKF
08/08 04:18 AM

Subjoct: Truck Hub Unit Assambly Test; Revised Report

Respomasto:  [[] Actions and responibiities of Competance Areas

| Gategory: Projacts

Atteched Is a ravised mport about THU asssmbly tests performed In tha Schweinfurt tast ab.

anaemiblylast dac
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SEEE

BU Trucks Prodoct Deslga Truck Hub Unit Assembly Test

Purpoze

Purpase af this investigation was to prove that <lamping 2 Truck Hub Unit {TELU without rotating the outer ring may icad
ta damages of ring or rolier rmceways.

Test Description

A THU (BTF-0012) was dizaszembled and cl=sned. The condition of the raceways was documented (see picture 1), After
 thwt, the unit was Tubricated with e totat of 8! gr. of OWZ grease.

Picture 1: Condition of inbowrd outer ring recewny befare Azsembly Test

The unit was put on & horizonially instlled test spindle. The inner lock st was targqued until 2 clamp load of
aperoximately 90 kN was resched. Befors respectively during clamping of the unit, it was taken care that the outer ring of
the bearing was not rotated. As a second siep, the outer lock nut wis installsd with & torque of 300 filba After that, the
bearing wan dinassembled, eleansd and inspected for demages.

Thig teat wia repested with three differsat unitk

Test Reslts

Upon dissssrably af the umit, several indwitatiorss waes found on the puter ring racewsys. A typical appearance foem i
depicted in picture 2.

Picture 2: Typical indentation on oute? ring eacewsy after vt
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BU Trucks Product Design Truck Hub Unit Assembly Test

The extenaian of the indettation in pictre 2 was determined to be 0.3% mm in circumferemial dmection and
approximately 7.2 um from peak to valley (picture ).

I - [ugrann T Hexmart  Uorcehwk Tanoe : Hidoeene 1Int‘lr'-.

T4 - dom i _Serlacpm |
- .
4.7 l

I

aay~ e ol bk g

II". I|"

|l+— DAL W ]
Pk e Wl - T.ELN WA

BRTE! B-ATR- & - [ Py n =

Picture 3: Raceway wurfuce pnd indentstion
Conclusion

This test proves Bt non rotation of the THU owter ring during <lamping wan cawe considerahle damage of the bearing,
Thia kind of demage i5 ronsidersd 1o be derimenmal to the bearing performanca.
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BU Trucks Product Design Raceway Qualification Teat with
' Predamaged Truck Hub Unit

Teat Deseripthon

& THU has beets predamaged due to non rotion during asssmbly (see report A. Mueller in detabage) This bearing wad
then put on e THU rest rig amd run undar "Receway Qualification Test™ conditions.

These test conditions are chesen such, thar heavy but reatistic comer lards, which may oceur under normal operalion, are
simutated. The dominant keading condition (85% of the vew time) simuiarey + 0.25 g comermg load. Road recardings
(*Scrvice Condition Recordings...", NLO3TD33, G.-J, Scheers} are propoging that this condition ocours with a percentage
of =33 than 0.3% under linehaul service. It is amumed that duving city delivery, & similar comering condition ia presem
for less than 2% of the total servize life of a vehicla.

Hazed on this infarmztion it 12 @ safe axzumption thar every hour of est thme, the 16 rig operates et 560 rpm, simuiaces
approximately 2530 miles of aperation under ciry delivery condition, while it represents more than 8100 miles under
linchaul conditiomns,

Tant Resubn

The reported bearing was cperating for 195 hours when a vibration level, which was twice a5 high as the buas level of the
already damaged berring was measured. These 395 hours would be already equivalent to epproximately | 000,000 miles
of city delivcry conditian. Upan inzpection small damages on the inboand cuter ring rceways wore detected (see picture
L).

BN Picture 1: corumiztinl opoa-aion TRees and scratcher on T, predamaged THL ouler ring mceniy
During » Design Verification Test, thege seratzhay would have been evaluied ay bearing darmage, and the test would have
been terminated.

Sinct the target of this test was to demomstrate the feasibllity of a 30,000 rrilnhupmtimimrwl 1l haz beeey decided to
comtierua the test instesd of investigating the abrerved dariige in datail,

_ Upon renarting of the tast, the bearing was overioaded by mistake. MMhidwmhﬂluluullmdnquWMh
approximately 1 g was scting an the THU. The bearing waa irmedixtoly heavily damaged on the rceways and inoer ring
guiding fanges {sce picture 2). Meverthelma the test was continued with this, now excessively, demaged bearing.

Pigiure 2: THU cone afier overload
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BU Trucks Product Design Racewsy Qualification Test with
Predamaged Truck Hub Unit

The bearing 15 operating since then for 2.5 hours under the zarlier described &gt condition. The test time would ranslate
into epproximately 86,000 milss af fleld operation under city delivery conditions.

Dwring the test. inboard and putboard inner ring lemperaturea were recorded (see table 1) After test terminznon. the axial
endplay of the Trusk Hub Unit was determined to be 0.315 mm.

Teost vme [h] Inboard inper ring temp. [°C] | Owibosrd inner ring temp.

[CC1

g 130 nal_recordad
1.5 150 130
8.7 : 145 1
13 L80 140
25.4 180 140
NS 190 150

Takie 1: Inmer ring temperatures
Coarcluslan

From the ebave resuli it is concluded, that & damege caused by o wrong essembly methad (ie. no rotatian duning
clumping) will not immediately effect the bearing performance. It ie, however, to be expected that auch damage will
reduce the potentinl cervice Life of a Truck Hub Unit. :

The heavy bearing demage coused by mistske wauld have been noticoed during @ "Basic Inspection” of the wheel end. The
wheel would have been conzidered an rotating rough knd noisy. Cantinuing the test for another 31.5 hours {equivalem to
86,000 mtlas under city delivery condition) shows that the chesen 50,000 miles interval betoveen two " Basic Inepectione®
is sufficient to deteet beering darmages prior to a mfety critical conditiam of the wheei end.
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DiscussSIon | aujece Praduct Liabiitty Minurtes

Main Topla .
Catogory: PLE
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RehmbarngpGHMOOTRKF
053 1218 PM

Minutes PLBs

L

FLB THU2 - Arvin Martor 200204

PLEZ THUZ - Arvin Mertord0020408.

PLB3 THUZ - Arvin Merttor2 D420412.1

PLB4 April 18.doe

PLBE Apri 19.doc

FLBS Apdl 28.doc

PLB7 My 2.0oc

FLEE May 8.doc

PLED May 13.doc
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Product Liability meeting April 8 2002
THUZ issue - Arvin Meritor

Particlpants:

Tom Johnstong chm.
Bermnd Stephan

Bill Farrell

Juergen Schultheis
Achim Mueller

Claus Schultz

Rick Frett

Armo Stubsnrauch
Michael Lewls

Claes Rahmbarg secr.

1. ARM meating Friday 5th

R-Safe saala reworked during last weekend.

ARM usage 200 pes/day

Aiken Is defining & process flow / approval and signoff for the reworked
products. {Chris Jones)

2. Warranty Report as reported by ML:

Stear THU Warranty Return

B. Woaks 15 Mar 2042
£30 Total Cinlms in SKF Databaas (ax of 12031/2001)]

SKE _____Percontof Claimm
Switch to GW-Z OQrasas 104

Graase Egress

Swheh to R-8afe Inboard Baal

[B Sanl Laak - Cantaminast Ingrans 158

induction Hardening Equipment & Procedural Changes

QR not hardenad 3.8
Arsiiariior

increaswd Hubcap

Baaring Failura = Run wic Hub Cap 28

Awitch to Molykote D Antl-fratting Gmpnundm-ﬂlnq Snt

Removal Damage

YWalar inirusion Along Spindie 1 9

Rotation of Hub Unit during Torque
Low Clamp Load g8

Flaid Builstin on inspactlon Technlgusas
Mo pratdam foumd 278
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Tamparing 19

Total parcent Clalms Addressed by Corvectiva Actions 88.5

Clalm Categprios Not Directiy Addreyped  Percant of Clalms

Root Causa Mot Detarmined Tokal 14.0
Rawms toc advanced to determina cagsa

Cuntomer Abusg Totsl 7.3
tmpact Demage 7.5

Totel Parcend clalms abowve 810

By the above report It shows Sealing is tha single largast reason, but thers
axist also ather reasons for warranty [ssues.

o Question: DId we spaclfy to ARM they need to rotate bearing at
mounting. The answer was yes, however somefimes they have not
done so.

Investigate by caleulation the potantial implications if bearing not rotated. (AS)
Results to ba discussad with ARM. (ML)

3. Baarings from fisid tasted

100 units were callected for testing from the fisld having been used sinca
1997,

113 Had no seal wear

1/3 had moderate saal wear

1/3 had heavy seal waar {contamination batween seat lips)

Basically the same war pattem have bean found on unlts running an trucks In

Europe.

4. R-safa saal claims .

The R-Safe sesl was deglgned to have a bettar parformance - especially due
to battar resletancs from cortamination.

R-Safe seal better performance than Freudenberg {hereafter called FE) seal
Concluslon; The falled 6§ R-Safe seals returned shows following

13 retumed for cleims. 8 not justified. 7 justified, whareof § dus to el
leakage. :

Seal leakage due to not comect molding.

5. Datactlon methods
Two prioritles:
Stop Wheal-offs and dasign end implsment a rafiable detactor.
It was concluded that tha majarity, but not 311, of trucks have ABSAwarning
lamp n cab. Since March 1st 1887 thers Is a law In US of 100% ABSiwaming
lamp must axigt.
ABS signal ara alao waming for other arrorsfevants.,
Conciuslon:
ABS Is not a 100% reliable detection mathed. Wa therefore need an additional
detaction mathod.
' SKF 002253




it was decided to have a team working on creating several detection mathods.
~ (BS/AB). A time plan to be defined within 2 days; incuding development,
teating on rigs in Detroit and approval from ARM (D, Ball). Possible solutions
could include heat sansitive device, smoke creation, and marking colouwr the
wheasl (dys).

A compleie solution could then include ABS instruction, smaoke and dye.
Information on detacton solution io NHTSA to ba done a.s.a.p.

8. Servica lifs sxpectations
Quastions:
la FB good anowgh for 1 Mmiles ?
What is the calculated L10 life of the whola unit (AS)
Sarvice test / mud & slurry test done ?
Answer was that RV tast was made in the B0-ties (mud and slurmy)
R-5afe saal laated all 13 weaeks, FB failad after 2 weaks.
Basad on tha knowledge above what to do with the 340,000 units 7
- Changed when failing
or
- Change before failing
and
- will the R-Safa seals [asl for 1 Mmiles ?
{Volvo TMU speca says 820,000 Miles on a 13 week std Voivo mud & slurry}

It was concluded that L10 can only be calculated on the bearing but not on the
seal. Only solution |s to get high mileaga units from the fisld for investigation.
We need to ranegotiate warranty terma.

T. Information to ARM
We naad to answer to ARM following two questions:
{out of the required 30 days for answering we havea approx 2 weeks laff)

o] the eurrent FB sesls in the fisld
2. W -

In other words are we happy with replacing FB with R-Safa ?

In tha phonea conf batweean ARM and Tom the following was dlscussed:
High failura rates in the field

High peaks of faflures last 18 months

ARM want to have a vision from SKF on what to do

It was conciuded that the ariginal choice of using FB seal in ths units was a
mutual decision betwesn ARM and SKF, basad on the good record of field
parformance. Thase documents should be captured. (BS)

Alao documantation on test. Did we show this to ARM. Capturs theas
documents as wall. (BS)

8. Actiona on R-Safe seala
Gel parts from ihe fiskd covering the different 15 |ote for investigating the
occurrence of moulding defacts. (ML}
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How many pear lot do wa naed. JS/CR/ML to verlfy the amounts.
This daia is needad In 2.3 days.
Concentrate on the mainh moulgding dafects

10. Other actions
Wa alsa need to decide what to imrform to Freightliner.
Wa naad to get hold of all fallad units from the flaid. BF will coma back on how

this could be dons., (BF}

Moulding in Elgin (compreasion)} Tools mikg will take 20 weeks.

Moulding In Oplader [injection) Toola mfg might take approx 4 weeke.
Bermd and Bill to work out & solution on the mfg of the saals. Tom wants
dacisicn/pian urgently. (BS / BF)

Next PLB masting will be on Friday Aprl 12 at 16:0C Europaan time.

Secretary: Cleas Rehmbarg
Varflad: Tom Johnsiars
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Product Liability meeting no.5 April 19 2002
THUZ issue - Arvin Meritor

Participants:
Tom Johnstone chm.
Bernd Staphen
Robart Bondy

Arhim Musller

Rick Frett

Michaal Lowis

Claes Rehmberg secr,
Elll Farell

Aurslla Narva

Info;

Jusrgen Schulthels
Claua Schultz

Amo Stubenrauch

1. Currant status with ARM
» Daltvarias OK
- BDI dullverias started Aprdl 19.

2 Rotating ! not rotating the bearing
- toat made in Sckrwalndurt lab.
- heavy marka shown an racewmy {p.Lv. 7 mieron)

- ARM notitad of cutepma = bul no comments fram them

- Iifes tmet to ba stmred on test Ag - look for sary spaling AM
- one good uni to be tesied for reference
thie test will taka approx 1,5 weeks

- Other unite {30 pce) received for teating Al

- nan rotating teat
= giud removal test

- depanding the outcome of the ife tast we shafl plan how 1o biing this forwand o

ARM BR
3 Htud lsaue

- 1 brckan studs ghran o Ingerscl. Gt theks from ARM ! ML/ BB

- Fraightfinar eays over torqueing is the major problam
= imrenliguie how siude are demounied ond mountad W

8 Detaction method{s} devaldpmemt ptatus

- ARM want 10 have & mord claar signal to drivar &.5. sound siarm and staing on the

whaal

= wi: noadd 1o have a claar common poattion ragarding detection/alarm from ARM. ML

SKF pD2258



- lamperature threshold to e cenfimmaed, ML confirm again
- lests of tha chemical composition for tha smoke genarator 1o b finalized. A

£ R-Safe neal
- axira inspaction [3'S0 Tmilas) to be dona thraugh checking and play and raugh
ratation on baaring. Yva nead lo spacify the inapection method and training package
ML
- test regart fram RFT to te sand to PLE membars AN
- wa should ssk to g=t tha 22 nat falling unils Back [only seal}. these ta ba sand to
Elgin for investigation. ML
- tha May £1 to Cet 07 units to ba reguested back ML/BR
- Jusrgan 8, Hans K, and Cava Young vist Bathishem for invesligating quality, scrap
ete ralating te the melding dafacts on some of the shipped lotg
Raport next PLB JS

7 Mime.
- Informatian to SKF Insuranca campany dona CR
- thay will ba cont, updated CR

Qusation:

Anything we nesd tc do additional to what Is currantly ongolng for the human safety ?
= PLE unanimausly agrsed that we are doing the right thinga.
-this ks slso confirmed by aur customars

8 Nuxt PLE will teka place April 26 at 15:00 Eura tima
(aama nurnber +4§ B S0Q 528 01)

Secretary: Clawg Rehmberg
Varifisd: Tom Johnstons
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Product Liability meeting no.6 Aprli 26 2002
THUZ2 issue - Arvin Meritor

Participants:
Bemd Stephan
Rabart Bandy
Achirn Muallar
Rick Frait

Michasl Lewis
Claze Rehmberg Chm & aecr.
Bill Faral

Auralin Narvo
Juamen Schulthrls
Tim Gitford {Eartly)
Info;

Tom Johnstons
Claus Schuitz

Amo Stubanrauch

1. Curment siatus with ARM
- Dalivarisg: Shipmant from Alken increessd dus to sales increase
- Doakvariaa OK. (ase balow for stud cut of conformance}

Z Roixiing ! not rotating the bearng
- Iif tesat started on et rig - alm to hava iest rasults for PLB?
- ona good unit to be tastad for refersnce: ongeing

= Other unita (20 pea) recaiviad for teating AM
- legt reayta alm to ba finlehad for PLBT

3 8tud lvaven
Std hardness:
=Studs found out of conformanca on hardness
spacs: 39 -43 HRC
found: up toc 51HRG
- Ingeraall got samples last weak. Awalting thalr response.
- Chack the IBIR in Alken. JS
- Hardnass #4c coundar maasurad in Sonnaction i3 1SIR ? J8
= Imposalbla to braak studs in SKF [aba,

Sroken Sixds:
- not posalble to duplicate frechirad studs in SKF Iab.

- quastionable f over torquaing ls the reaeon for the breken stude in the ﬂnl_:l,

- important to fing tha rootcause

= concluded that the fracturs IS mpact nat fatigue basad.

- ouastion; why was BO0C studs ordensd by customar last year ?

- fracturad studs o ba sand O Schweinfurt for material tesl MLIAM

- Challanger fisat: 115 rucka with troken studs (reported from 3 gacages)
- Ingarsoll to ba fully Invaived In this isaue.

- mviahve purchasing. Thay need o Inform Ingeroll / letier RF

- replacemant of shuds May 8th

- Chack stud 'ots In Aken f comalate with bngs. JS

= prve parson hurt In Canada while tongueing dug to hregkegs
- compeangation rulgs in Canada to ba checkad RF

- point st dua:

- investigate how atuda are dismounted and mowntad ML
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- Procedure how to degl with the stud lssues to ba deflned BF / RF
- BB to communicate wkn ARM EB

4 Frelghtiiner meeting
= 7000 vnltz o Ryder trucks with Reafe seals. They want us io epiace all.
- [dapenda of the rasult of iha track test) ses balow

Tasting on friadk
Tasting ardered an wil siert nmediataly. {tset program wes sond out to PLB)
- dacided to have noisy Aisale with iow mileage on test
= canciude whether 50 Tmiles wil taks thet
= chack tsat procedure with ARM and Ryder BB
- BB o chack that test conditone satiafy oursalves, ARM and Ryder
Spead i vital | BB

3 Detection mathodis) developmant atatus
= ARM want to heve a more clear signal to driver 6.0, sound alerm snd stana on the

wheel
- cacided ta de thia In 2 phases in order to quickly coma bo B workeble
sohution:
pheasa 1:
- finakse and present the amoka gensmitor device {with HW cost end
cost for adaptation)
phase 2:

= kook Into sudibla | viesl davices
« wa must Inform our customar aboik this plan end gat approvel quickly BB

- a6k ARM 1o put ABS signal as ane waming into 2 ARM bulletin, BF
- invastigate faaabiity of using pen with termnp. Indicator to be veed by the driver 8F

{=.4. thermocoupls on key rng)

8 R-Safe asal
- fic kot found In Bethishem with Increasad scrap i.s. no comaletions found batwesn
mcrap and wxlding defacts.
- inspaction procges in Bathisham faund not ko bs sufficisnt
- ALL PLE sgrees on the need kor the 3*30 Tmiles Inspactian plan
- nead to specily the inspeciion methed and teining patkags ML,
« In the Investigetions on retumed bearings feund In saveral ceass different reascns
from custemans and our findings (and In ceveml cages no reason for retum)
- deckiad to make a spreadehest showing "given customer complaint reason™
In one eds wnd our findings in the ather axis. BF

8 Next PLE will inke placa May 2 o 15:00 Euro thna
{sarme numbar +48 8 500 628 01}

Secrelary: Class Retlmberg
Varifled: Bamd Stephan
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